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PREFACE. 

The object of this book is that of providing for the student and the 
designer a guide to the practical design of shed framework and 
foundations. 

Although there are many excellent treatises which deal wholly, 
or in part, with the same subject, the justification for this book lies 
in the fact that the extensive experience of the author has convinced 
him that too much attention is given in such treatises, and also in the 
instruction provided at our technical collies, to the design of the 
various units without proper regard to the units as a whole. The effect 
of this is clearly visible in present drawing-office practice, and it is 
hoped that this book will focus attention to the advisability of pre- 
paring designs in a more coherent and consistent manner, due regard 
being paid to the stability of the structure as a whole. 

The author has presumed of the reader an intimate knowledge of 
'' The Theory of Structures " and of practical designing, and therefore 
has confidence in recommending wind forces and allowable stresses 
which — although extensively used in competitive designing — ^may 
not meet with the entire approval of conservative designers. 

In preparing that portion of the book dealing with foundationsi 
the author has appreciated the lack of information open to the de- 
signer, and has therefore preferred to offer a rational solution of the 
difficulty of providing fixity for stancheon bases which, with due care, 
may be adopted with safety, rather than follow the orthodox procedure 
of ignoring the problem, or of offering a solution which would be 
rejected as commercially impracticable. 
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THE PEACTICAL DESIGN OF 
STEEL-FKAMED SHEDS. 



CHAPTER I. 

THB BBSISTAKOE OF STSISL-FRAMBD SHEDS TO WIKD TOBOES. 

Ihtiodiiotton, — ^The subject of this chapter is one which does not 
receive proper attention on the part of most engineers engaged in 
the designing of structural steelwork^ especially of the nature of that 
under consideration. There are many treatises on the ^' Theory of 
Structures/' which, whilst dealing fairly conclusively with the design 
of units, very rarely attempt to treat the subject in a coherent manner, 
i.e. the manner which closely approximates to actual conditions. The 
same inadequate attention is also common in technical instruction, the 
effect being that engineers are trained in methods, the application 
of which give unsuitable results, hence the present alienation of theory 
from practice. 

The designing of sheds is left almost entirely to the manufacturers 
of such structures. This has led to the existence of certain recognised 
standards, common throughout what is known as "the light con- 
structional trade," such standards — ^viewed from the standpoint of 
theoretical requirements — ^being ridiculously inadequate and incon- 
sistent. Sheds are at the present time habitually designed and manu- 
factured, portions of which are only capable of resisting a horizontal 
wind pressure as low as 5 to 7 lbs. per square foot of vertical surface, 
whils^in the same structure — portions are deliberately designed for 
a wind pressure of 30 to 40 lbs. per square foot, the stress per square 
inch being the same in each case. Further, secondary stresses are 
often completely ignored, and the foundations provided are totaUy 
inadequate, in spite of the fact that the stability of the whole structure 
finally depends upon proper fixity at the base. 

To the skilful and conscientious engineer competitive designing 
under these conditions is impossible. Knowing full well that the 
design chosen for acceptance will in all probability be that which 
accompanies the lowest tender, he must either take the responsibility 
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of a design he cannot rationally uphold, or, on the other hand, be 
sponsor for one which will be competitively unsuccessful. 

It may be pointed out that, such structures having proved them- 
selves fully capable of resisting the wind and other forces to which 
they are subjected, there is sufficient justification for their continued 
use, but the fact that portions may actually be stressed up to the 
point of the elastic limit of the material necessitates for public safety 
alone a more generous distribution of material* Further, the wide 
range of stresses set up in the various members calls for greater con- 
sistency in design. 

The various standards used were in many instances the result of 
practical demonstration rather than of theoretical consideration. 
It is no new departure in engineering history for theory to follow 
practice — ^instance the theory of reinforced concrete — ^nor is it un- 
common for theory to modify, or even to lead to the disuse of, certain 
preconsidered methods. Undoubtedly the theory of reinforced 
concrete led to the discovery of uneconomic uses of materials in 
various systems in common use, and similar changes are necessary 
in structural design if the benefits which arise from the judicious use 
of theoretical knowledge are to be utilised. 

The application of the theory of structures hereafter described — 
in this country especially — has been very seldom used, partly owing 
to lack of guidance from recognized authorities, but also to the incom- 
patibility of results obtained by following the usual theoretical 
methods with those commonly arrived at by practical experience. 

WdA Frauiu'e. — ^According to the more recent authors of books 
on structural design, the horizontal wind pressure to be allowed for 
on a large area such as that existent in a building is usually given 
at from 20 to 40 lbs. per square foot of vertical surface, the amount 
varying with the height of the particular area from ground-level, and 
also with its position relative to adjacent sheltering buildings. There 
has undoubtedly been a tendency in recent years towards a decrease 
in the allowance to be made for the effect of wind pressure on structures, 
with which movement the writer is in entire agreement, such opinion 
being based on experience and observation, and there is still further 
necessity for enlightenment on the subject. 

Three years ago the writer communicated with the Director of 
the Meteorological Office, London, also with the Director of the 
Observatory at the Manchester University, with a view to obtaining 
the maximum recorded wind pressure, with the following results : — 

Meteorological Ofiicey London. — "The maximum wind velocity 
which has been recorded by an anemometer for which records are 
received at this office is 103 miles per hour in a gust at Pendennis 
Castle, Falmouth ; converted into pressure (pounds per square foot) 
by the formula P— -003 V*, this corresponds with a pressure of 32 
pounds per square foot." 
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Manchester Univeraity. — "The maximum wind velocity record 
in Manchester by anemometer since 1896 is 60 miles per hour» which 
is equal to a pressure of 8 pounds per square foot ; the maximum 
gust velocity would probably be 70 miles per hour, which is equal to 
about 16 pounds per square foot." 

The pressure of wind acting on a large area varies according to 
laws not yet fully understood. It is a product — ^variable — of the 
velocity, and the effect on a large surface is less marked than on a 
small surface. 

Professor Adams suggests allowances which are given in Table 1, 
Plate 1/A. 

The data used in competitive designing by the writer for sheds and 
similar structures are as follows : — 

For proportioning roof framework. — ^Allowance made for a hori- 
zontal wind pressure of 30 to 40 lbs. per square foot of vertical surface, 
taken as acting nonnaUy to the roof surface and reduced to its normal 
equivalent by the coefficients given in Table 2, Plate 1 /A. 

Allowable Stresses. — ^For main framing such as principals, safe 
stress per square inch equal to one-fourth the ultimate stress ; for 
secondary framing, i.e. purlins and windbracing, safe stress per 
square inch equal to one-third to one-fourth the ultimate stress. 

For proportioning aide and end framing. — ^Allowance made for 
a horizontal wind pressure of 20 to 25 lbs. per square foot of vertical 
surface in addition to the lateral force transmitted from roof to 
stancheons, such force being the horizontal component of a wmd 
pressure of 20 to 32 lbs. per square foot of vertical surface reduced to 
its normal equivalent and distributed to the windward and leeward 
stancheons in the manner hereafter described. Allowable stresses 
taken at one-third to one-fourth the ultimate stress per square inch. 

In proportioning foundations provision should be made for the 
necessary fixity required by the stancheons to resist the wind forces 
acting on them as before described. 

For the foundation bolts — ^if any — ^the allowable stress may be 
taken at one-third to one-fourth the ultimate stress per square inch. 

Tjrpes of Sheds. — ^The various types of sheds may be classified 
for the purpose of this chapter accordhig to the degree of fixity provided 
for the side stancheons at their bases and caps, and also to the use or 
otherwise of side stays, which act as supports to the stancheons. 
Primarily, there are four types of stancheons, viz. : — 

Type 1. — ^Where the stancheons have a small degree of fixity at 
their caps and bases, which, being infinitesimal, may be ignored, and 
the connections assumed to act as pin-joints. 

Type 2. — ^Where the stancheons are considered to be perfectly 
fixed at their bases, and have a slight amount of fixity at their caps. 
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the latter being ignored and snbjeot to the assumption referred to in 
Typel. 

Type 8. — ^Where the stancheons are assumed as pin-jointed at 
their caps and bases, and are provided with supports (side stays). 

Type 4. — Where the caps of the stancheons are assumed to be 
pin-jointed) the bases perfectly fixed, and stays — acting as supports — 
are provided. 

Type 1, although in common use, is unstable and unsuitable for 
use unless the shed is constructed with several bays, the lateral forces 
distributed over the entire width, and the end connections of the 
stancheons designed to give the necessary fixity. Owing to the 
impracticability of perfectly fixing the connection of the stancheons 
to the roof principals without the use of side stays, this type of shed 
is not recommended, and will not be further considered. 

Type 2 is generally adopted where a crane gantry is to be provided, 
which prevents the use of side stays, unless they are placed clear of 
the crane. Such procedure necessitates an increased height of shed, 
which is uneconomical and often undesirable. 

Tjrpe 3 should be used where the nature of the ground is such that 
the amount of resistance at the foundation must be kept to a 
minimum. 

Type 4 is the most suitable and economical arrangement, and is 
recommended for general use where the earth is capable of offering 
suitable resistance. 

The various types are outlined on Plate 1 /A. 

Vertieal Position of Beaetion Point. — ^The reaction point at each 
side and for all types will coincide with the point of contraflexure in 
the side stancheon, and the position of this point will vary with the 
degree of fixity. 

Type 2. — ^The connection of the stancheon to the principal will 
in practice partially fix the end of the stancheon, and the point of 
contraflexure will be at some point adjacent to this connection. To 
simplify the calculation of the stresses the connection may be con- 
sidered as pin- jointed, in which case the reaction point will be at the 
centre of the connection, i.e. the intersection of the lines of resistance 
of the members acting at this point. 

Type 8. — ^The degree of fixity at the base being negligible, the 
connection here may be assumed as acting as a pin-joint, and the point 
of contraflexure as situated at the centre of the base of the stancheon. 

Type 4. — ^The point of contraflexure will be at some position 
between the foot of the stay and the base, such position depending 
upon the distance of the stay connection from the cap and base of the 
stancheon and the degree of fixity at these extremities. In practice 
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this point may be assumed as midway between the foot of the stay 
and the ground-level, which assumption is on the side of safety. 

Distribntion of Lateral Foroei. — ^The lateral force acting on the roof 
is transmitted to the windward and leeward stancheons by the roof 
principal, which also acts as the medium for that portion of the force 
acting on the windward side and resisted by the leeward stancheon. 

Type 2. — For this type the stancheons and principals should be 
designed as separate units. The sections of the windward and leeward 
stancheons being the same, the deflection at their caps and also their 
bending moments at their bases may be assumed to be equal ; there- 
fore the lateral forces acting on each will also be equal, the amount 
being in each case one-half the total horizontal force acting on the 
shed. The reaction points of the principals may be considered as both 
equally free to move, and therefore the horizontal components of the 
roof wind force will be equal at each reaction point. 

Typei 8 and 4. — ^For these types the stancheons and principals 
will act in a coherent manner. The reaction points are assumed free 
to move equally, and the horizontal components of side and roof wind 
forces will therefore also be equal in effect. 

For all types the amount of the vertical component of the wind 
and also of the dead load transmitted to each reaction point will be 
inversely proportional to the distance of their resultants from the 
reaction considered. 

It should be noted that the amount of side wind force transmitted 
to the leeward stancheon may set up compressive stresses in the bottom 
chord of the principal, and the latter should be provided with the 
necessary resistance to side flexure to reduce the effective length as a 
strut. This resistance may be obtained by the use of longitudinal 
ties placed at suitable positions along the chord, which ties should 
have proper anchorage at the gables. 

Distribntion of End Wind Force. — ^The wind acting on the gable is 
transmitted by the sheeting rails and intermediate stancheons to their 
respective points of support, i.e. the ground line, the sides of the 
building, and the roof, and, as finally the whole of the resistance is 
derived from the foundations, provision should be made accordingly. 
That portion transmitted to the roof is by means of bracing, placed 
either in the plane of the roof or of the bottom chords of principals 
(or both), transferred to the sides of the buildings, whence, in addition 
to that taken direct by the sheeting rails, it is transmitted to the 
foundations by means of bracing in the sides and ends of the building. 

Praetieal applioation to the design of a steel-framed shed 120 ft. 
long X 60 ft. span x 20 ft. high to eaves level, covered externally 
with corrugated sheeting and capable of withstanding a horizontal 
wind force of 32 lbs. per square foot for the roof and 20 lbs. for the 
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side. Centres of stancheons and principals to be 12 ft.» angle of 
roof 241**. 

Comparing Types 2, 3, and 4, the only variation in the stresses 
will be those for the side stancheons and their foundations, the roof 
principals, and the stays — ^if any used. 

Side Stancheons, Type 2. — ^The lateral forces are resisted at the 
foundations by two forces acting as a *' couple." The base of the 
stancheon will be embedded in concrete, and therefore the positions 
of the two forces may be assumed to coincide with the centre of the 
resultant pressure of the earth on the windward and leeward sides of 
the foundation. The centre of pressure for the leeward and windward 
sides will be one-third and two-thirds the depth of the concrete from 
the ground-level respectively. The maximum bending moment will 
occur at the plane of the leeward resultant, but for simplicity will be 
assumed as at the ground-level, the amount — ^ignoring effect of vertical 
load — ^being found as follows : — 

SYMBOLS 

A = angle of roof. 
AS = angle of stay to stancheon. 

B=length of roof slope (for A=24i°, B=-66C). 
BM=bending moment. 

C=span of roof (distance between centres of stancheons). 

Deposition — ^relative to windward stancheon — of intersection 
of resultant NP with horizontal line through principal 

reactions (R^^), (for A=24i°, D=-3C). 

D^=do. do. through reactions (B!^) of transverse frames = 

•3C+ -466782. 

F= stress per square inch. 

L= leverage of HN acting at R*^ or R-^ about point of maximum 
BM. 

L^ =leverage of THP acting at R^ or R-^ about point of maximum 
BM. 

L2=leverage of HpS about R^ or R^. 

HP = horizontal wind pressure. 
HpS= ,j ,, ,, acting on side. 

THP = total HP^ on side above reaction point for transverse frame. 

PHP =HPS on portion of side between stay and reaction point of 

transverse frame. 

LHP=portion of HPS transmitted to leeward stancheon. 

RHP= „ „ acting at WRT 

NP=normal wind pressure. 
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VN= vertical component of NP=oob AxNP (for A=241', 

VN=-91 NP). 
HN= horizontal component of NP=Bine AxNP (for A=s24jl^ 

HN=-4146NP). 
MS = modulus of section. 
MR = moment of resistance. 
R=maximum radius of gyration. 

R^=minimum ,, ,, ,, 

R^=reaotion points for transverse frames. 

rP= „ „ .. principala. 

S=:distance of stay connection from B-'-. 

82= „ „ RTfromRP. 
W=weight of roof covering and framing. 

W' = „ „ side covering and rails. 

VS= vertical reactions due to L^. 
HP =32 lbs. 

NP=32x-56 =18 lbs.) « * « « _« 

HN=-4146 NP=7J Ibs.r P®* s<l'«»™ foot of roof smiaoe. 

B=length of roof sIope=*65 span=33 ft. 
Area of roof =33 x 12=396 square feet. 
HN==396 X 7i=2970 lbs. 
L=20 feet. 
Area of side=20 x 12=240 square feet. 

HPS=240X 20=4800 lbs. 

L2=10 feet. 



BM.(™xl)+(^xL^) 



or 



(1485 X 20)+(2400 X 10)=53,700 ft.-lbs. and 644,400 inch-lbs. 
W=8 lbs. per square foot of roof surface=s396 x 8=3168 lbs. 

Wl=6 „ „ „ „ „ side „ =240 x 6=1200 „ 
VN= -91 NP= 16-38 lbs. per square foot of roof surface=396x 
16-38=6487 lbs. D=-3Cand 
Proportion of VN on windward stancheon=-7 VN=4641 lbs. 
19 » W „ „ „ = 3168 „ 

99 J> " 99 >» » ^^ l^UU ,9 



Total 8909 



91 



The side rails may be considered to assist the stancheon in the 
direction of the least radius of gyration. The maximum stress due 
to bending moment is at the base, and this stress being the major 
portion of the whole, the total length of the stancheon need not be 
taken as the effective length of the strut, but as the connection at the 
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lilA^^l 



cap approximatee to a pin-joint, this adverse effect on the strut will 
be assumed to balance the advantage due to the position of the 
maximum bending moment, and the stanoheon stress is therefore taken 
as for a strut, fixed at each end, and with a radius of gyration taken 
about an axis in a direction parallel to the flanges ; this method will 
keep the compressive stress within safe limits. 
Assuming 12'' x 6"" x 44 lbs. BSJ, areas 13 square inches. 

MS » 62-6 
R=5 

Length=240 inches .-.^5^= 48. 

Safe compressive stress for =^=48 is 13,340 lbs. per square inch. 

A* 1 * W.BM 8909,644,400 ,„„.„,. 

Actual compressive stress=-j +_._+___ =12,959 lbs. per 

square inch (which is within the limit of safe stress). 

Side Stancheons, Type 8. — ^The maximum bending moment will 
occur at the level of the intersection of the centre of resistance of the 
side stay with that of the stancheon, say, 5 ft. down from cap. 

The total lateral forces acting on both stancheons are : — 

HN+THP=:2970+4800=7770 lbs. 

LandLl=16ft. 

Total positive moment=7770 x 15'=116,550 ft.-lbs. 

Total negative moment =(15'-0''x 12'-0''x 20) x 7'-6^- 27,000ft.-lb8. 

T>Ti/r r u i. 1. 116,650—27,000 .. „- ^ „ 
/. BM for each stancheon= — =44,776 ft.-lbs. or 

637,300 in.-lbs. 

The vertical forces acting on the stancheons are those due to the 

weight of the roof (W) and sides (W^), the vertical component (VN) 
of the roof wind force, and the vertical forces (VS) due to the leverage 
of the side wind force. 

D1=-3C+-4557S2=18 ft.+9-114 ft.=27114 ft. or -450. 

The vertical forces for the windward and leeward stancheons are : — 



LBEWABD STANCHEON 

VN = -46 VN =+2919 
W = +3168 

Wl= +1200 

VS = + 800 



WINDWARD STANCHEON 

VN= -66 VN =+3668 

W = +3168 

W^= +1200 

^Q HpSxL^ 4800 X 10^ ^^^ 
VS = g— ^ ^, ^-800 

Total +7136 lbs. Total +8087 lbs. 

Assuming 12''x5''x39 lbs. RSJ, MS=43-48, R=4-77, area=ll-47, 
and ^=38, safe compressive stress =13,866 lbs. per square inch. 
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. ^ , . ^ W . BM 8087 , 537,300 13,064 lbs. per 

Actual compressive 8tre8S=-^+^=yj:j;^+-^3;jg-= g^^e inch. 

(W=total downward force on stancheon.) 

Side Stanoheons, Type 4* — ^The point of contraflexnre is assumed 
as midway between the intersection of the stay with the stancheon 
and the gromid-level, the former being the position of the maximum 
bending moment above the reaction pointy and the latter the position 
below the reaction point. 

HN =2970 lbs. 

THP =3000 „ 

LandLl=7'-6^ 

Positive moment for both 8tancheons=(HN+THP)xL^=(2970+ 

3000) X 7i'= 44,776 ft.-lbs. 

Amount of load acting negatively (PHP)=7'-6'xl2'x20=1800 lbs. 

Negative moment=1800x3|'=6760 ft.-lbs. 

^^, , , . . ^ ^ 44,775-6760 19,012 ft.-lbs. or 
.-. BM at stay for each stancheon =-^ — 2 ="228 144 inch-lbs. 

BM at ground-level=19,012+6760=26,762 ft.-lbs. =309, 144 inch-lbs. 

D1=-3C+-4667S2=18 ft.+6-7 ft.=23-7 ft. or -40. 
The vertical forces on each stancheon are : — 



WINDWABD STANCHEON 

VN= -eVN ='+3892 
W= -h3168 

Wl= +1200 

VS= ?«20x6i' _^ 

Total +7947 lbs. 



LEEWARD STANCHEON 

VN= •4VN =+2696 
W= +3168 

Wl= +1200 

VS= + 313 

Total +7276 lbs. 



Assuming 8*'x6''x28 lbs. RSJ area=8-24 sq. inches and MS=27-6. 

. ^ , . ^ W , BM 7947 . 309,144 12,164 lbs. per 

Actual compressive stress =-t- +vi:o =-s-7r7 H — ^J^ = «I„o^^ ;^«if 

A MS 8*24 27'6 square mch. 

As the allowable stress is 14,660 lbs. per square inch, the actual stress 

is within the safe limit. 

It should be noted that as the maximum radius of gyration has 

been used to determine the safe stress, it is necessary that the positions 

of the side rails should be such as to assist the compression flange to 

resist side flexure. 

Roof FrineipalB and Transverse Framei. — ^The forces acting on the 
principals and transverse frames are : — 

W=the weight of the roof framework and covering. 

W^= „ „ „ „ side „ „ „ at each side. 

NP=the normal wind force. 

HP" = wind pressure on side of shed. 
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Force W^ only acts on the transverse frames. 

The most satisfactory method for determining the stresses in the 
various members is the graphical method. By the adoption of a fixed 
angle (A) for the roof slope (24^^) force constants may be determined, 
the use of which will greatly simplify the calculations for the reactions. 

FORCE CONSTANTS FOR REACTIONS. A=24i^ 

Type 2, Prindpals. 

w w 

W : Amount of W at WRP^^ ' ** ^^^=^ 

NP : Resolve into components HN and VN thus : — 

HN=:SineAxNP==-4146 NP ^ tor principals and 
VN=Cos AxNP=-91 NP / transverse frames. 

Amount of HN at WRP=:-2073 NP ; at LRP = -2073 NP 
M „ VN „ „ =-637 NP; „ „ =275 NP 

HPS : Amount of HPS at WRP=-25 HPS ; at LRP=nil. 



Tjrpes 8 and 4» Transverse Frames. 

W W 

W : Amount at WRT^-^- ; at LRT=-^ 

W^ : Amount at WRT=Wl ; at LRT=Wl 

NP : „ of HN at WRT = -2073 NP ; at LRT = -2073 NP 

The proportion of VN is inversely proportional to the distance D ^ 
from either reaction point (RT), and as 

D1 = -3C+-4667S2, then 

Amount of VN at WRT= ^^^'^^"^'^^^'^^ ^ xVN; at LRT the 

amount will be the remainder of VN 
HPS : Amount at LRT=^???:^5LL 

at WRT= g +RHP 

In addition to the above forces there is an additional force set up 
at each support for the transverse frames, such force being due to 
the leverage of the side wind force about the reactions. These forces 
are equal in magnitude, but are of a different nature, that at the 
windward side being negative and that at the leeward side positive. 

HpS : negative effect at WRT ) ^ HP^xL^ 
positive „ „ LRT J C 

NoU.—¥oT Type 4, HpS referred to above equals THP 
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CALCULATIONS FOR REACTIONS. 

Type 8, Ptindpals. 

W 
Total upward reaction at WRP=-^+-637 NP=3168+4640 

^ ^iim lbs. 
w 

„ „ „ „ LRP =-^+-275 NP=3168+1946 

^ =6113 lbs. 
„ horizontal „ „ WRP=-2073NP= 1477 lbs. 

„ LRP=-2073 NP+-25 HpS 

=1477+1200=2677 lbs. 

Typ« 8, Transverse Frames. 

Total upward reaction at WRT= y + W^ + [ ^ ~ ^'^^ ^ '^^^^^ x Vn] 

Tcrpo w T 2 

^^ — =3168+1200+3568-800=7136 lbs. 

Total upward reaction at LRT=y +W^ + [ ^'^"'"y^'^^ ^ x Vn] 

H ^—=3168+1200+2919+800=8087 lbs. 

TTPS 'RTTP 

Total horizontal reaction atWRT=-2073 NP+ „ +RHP 

= 1477+1500+1800=4777 lbs. 

TTpS ■RTTP 

Total horizontal reaction at LRT=-2073 NP+ o 

= 1477+1500=2977 lbs. 

Type 4, Transverse Frames. 
Total upward reaction at WRT= ^ + W^ + p-(-3C+-4557S2) ^ ^^-j 

HpSxL^ 
g =3168+1200+3892-313=7947 lbs. 

Total upward reaction at LRT=Y+^^ + [^^^y^^^ xVn"1 

HpSvL^ 
H W-— =3168+1200+2695+313=7276 lbs. 

rrpS RTTP 

Total horizontal reaction at WRT=-2073 NP+ +RHP 

= 1477+1060+900=3427 lbs. 

•CTpS P.HP 

Total horizontal reaction at LRT=-2073 NPH 

= 1477+1060=2527 lbs. 
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The above reactions will enable the force diagram to be completed 
from which the stress diagram may be drawn in the usual manner, 
as shown on Plates 1 /B, 1 /C, and 1 fD, for Types 2, 3, and 4 respec- 
tively. The amount and nature of the stresses in the various members 
being known, the sections may be determined according to the following 
conditions : — 

Allowable tensile stress : 7} tons per square inch of net section. 

Allowable compressive stress : 6} tons per square inch (of gross 

section) reduced by strut formula to the allowable value for ^, the 

£v 

latter being limited to the ratio — . 

If the ends of the struts are free to move in a direction equal to, 
or at right angles to, the plane of the principal, the end should, of 
course, be considered as free (pin- jointed) and the stress determined 
accordingly. 

The amount and nature of the stresses, the condition of the ends 
of the struts, and the sections required are figured with the diagrams. 

Owing to the low wind pressures and factors of safety recommended 
for use, it is advisable that secondary stresses due to eccentric arrange- 
ments of intersections of members and of arrangements of rivets or 
bolts, should be avoided as far as practicable — ^the neglect of which is 
a common fault in present-day practice. Further, if th^e location of 
the purlins is such that flexural stresses are set up in the rafters, such 
stresses should be added to the principal stresses, and the rafter 
designed accordingly. 

Side Bails. — The forces acting on the side rails are those due to 
wind pressure and to the weight of the rails and side covering. The 
rails are generally spaced at 6^-6'' centres, and will be thus considered. 
Therefore : — 

Horizontal wind pressure (HP^) on side =20 lbs. per square foot. 
Area of side supported = 1 2^-0'" x 6'-6''= 78 square feet. 

Total HPS on rail =78 x 20 = 1560 lbs. 

^^- WL 1560 X IW «, ^,^ . ^ „ 
BM=-g- = r =28,080 mch-lbs. 

MB =BM= 28,080. 

MS=MB^F, and as F= 22,400 lbs., then 

--„ 28,080 , ^, 

Nearest British Standard Joist Section is 4'" x If* X 5 lbs. BSJ, with a 
mazimimi MS =1-83. 

.'. Actual stress = .' =15,344 lbs. per square inch. 

Assuming the 4'x If^ rail is supported at its centre by means of 
a sag rod, then the stress due to the vertical load will be : — 
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Weight of side sheeting =6'-0' x 6'-6' x 3 lbs. = 117 lbs. 
„ „ raU =6'-0'x61bs. =30 „ 

BM=^=i^^^-^=1323 inch-lbs. 147 „ 

Minim nin MSs=*22. 

1323 
Stress per square mch=-^;H2"=®^l^ ^^^• 

Total stress per square inch=3l5,344+6013=::21,357 lbs., which is 
within the safe limit of stress. 

Bool Purlins. — ^The forces acting on the purlins are those due to 
the wind pressure, to the weight of the purlins, and to the weight of 
the roof covering. The purlins will be spaced at 6^-6' centres ; there- 
fore: — 

HP on roof =32 lbs. per sq. ft. 
NP „ „ =32x-66=181bs. per sq.ft. 
Area 8upported=12'^''x6'.6''=78 sq. ft. 
Weight of roof covering, say, 3 lbs. per sq. ft. 
Total load on purlin : — 

Wind=78x 18=1404 lbs. 
Covering=78x3 = 234 „ 
Purlin=12x6 = 60 „ 



Total 1698 



>> 



Ty^ WL 1698x144^ oAK«^- 1.1U 

BM = -^- = = 30,564 mch-lbs. 

8 8 

^^30,564^ 

22,400 
/. use 4^x li^'xand 5 lbs. BSJ as for side rails. 

Owing to the purlins being used at a slight angle to the vertical, 
there will be a tendency to sag in the direction of the least MS, and it is 
advisable to provide sag rods similar to those for the sides. The sag 
rods on the one slope will — ^if properly connected to the ridge purlin — 
react against those on the other dope. 

In the '' light construction trade " the section generally adopted 
for rails and purlins under similar conditions to those under discussion 
is a 2}"^ X 2y X if>^' angle, having a MS of -46, which, although the same 
weight per foot as the BSJ adopted, is inferior in strength to the 
extent of 1 : 4. 

End Framing. — ^The end framing will consist of uprights, rails, 
and rafters, together with the necessary stays, diagonal braces, and 
sag rods, arranged as shown on Plate 1 /A. The determination of the 
stresses in the various members is somewhat complex, but the sections 
may be closely approximated, as hereafter described. 
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Uprights. — 

Centres of uprights =15'-0*'. 

Lengths „ „ =20'.0^ 26'-10r, and 33'.9^ 

H.P. per foot run == 1 S'-O"' x 20 lbs. = 300 lbs. 

Total HP on 26^-10^ length=26i x 300=8063 lbs. 

-,T^ WL 8063 X 322-6 ^^^ ^ .^ . , „ 
BM=— 5-= =326,040 mch-lbs. 

o o 

Weight of end covering=26'.10J*x 16'-0''x 3 lb8.=1210 lbs. 
,y y, rails and bracings say= 600 ,, 

„ ,, stancheon ,, = 868 ,, 

„ roof=16'.0*x6'.0''x81bs. =720 „ 



Total 3398 ,, 

Assuming a 12''x5''x32 lbs. RSJ, MS=36-66, R=4-8, area=9-4 

sq. inches, then 

L 322 

=•=27^=67, and safe stre8s=12,430 lbs. per sq. inch. 

Actual stress =-^+=rjr==—--H — * =9229 lbs. per sq. inch. 

In addition to this stress there is the slight effect due to the lateral 
wind pressure acting on the first 6^-0' length of the building, but as 
there is ample margin between the actual and allowable stress this 
effect may be ignored. 

The vertical load being almost negligible, the 33^-9^ upright may 
— ^to expedite the design — ^be safely approximated from the section 
calculated above on the principle that '" the strength of a RSJ acting 
as a beam varies directly in proportion to the load and to the span." 
The load per foot run being about the same, and therefore varjring in 
proportion to the span, then the modulus of section required will 

^'^■- (siw)'^ ''•'=''•'• 

A 12''x6''x44 lbs. RSJ has a modulus of section of 62-6, which, 
however, will be sufficient. 

With regard to the 20^-0' upright, the section adopted will be that 
calculated for the 26'-10J* length, i.e. 12^x 5^ RSJ. 

End Bails. — ^The span of the rails will be 16^-0^, and the centres 
about 6^-6^ ; as the load per foot run is the same as that for the side, 
by the pre-stated law the section may be approximated thus : — 
MS for side rails = 1 "83. 

MS for end rails = ("jI] 2 >< 1-83 =2-8. 

A 4i''xli''x6J lbs. RSJ with a modulus of section of 2-8 is the 
nearest suitable section, and will therefore be adopted. 

Batten. — ^The length of the rafters is 33^-0"', divided up into 
two spans of 16'-6*'. The forces acting on the rafters are : — 
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(1) End wind force. 

(2) Forces due to reactions from stancheons. 

(3) Weight of roof, and of end covering and framing. 

The stresses set up by these forces are : — 

(1) End wind force=15'-0''xl'-lli'' (average) x 20 lbs. = 600 lbs. 

The intensity of this force varies from zero at one end of the 
span to a maximum at the other, and the bending moment 
may be found by the formula : — 

BM=-1283 WL, which equals 

•1283 X 600 X 198=16,240 inch-lbs. 

(2) This force is the reaction for the 26'-10i*' upright, and will 

therefore be 4030 lbs., and is resisted by a triangular truss 
situated in the plane of the roof, the horizontal (compressive) 
member of which is the rafter. 

Span of truss (L)=33'-0^ and depth (D)=12'-0''; therefore 

+8tre8S in rafter=:S=*^^=2770 lbs. 

4D 4x12 

The roof wind force will not act at the same time as the end wind 

force, and as the effect of the latter is the greater of the two, the effect 

of the roof force need not enter into the calculation. 

(3) The situation of the roof purlin produces — ^in addition to the 
direct compressive stress allowed for later — a bending moment, the 
amount of which equals : — 

Roof load (W)=6'-^''x 6'.6^x 8 lbs. =31 2 lbs., and 

A -DTbT WL 312x99 -..Q. , „ 

Approx. BM=— 5-= 2 — =5148 mch-lbs. 

o 6 

The direct compressive stress referred to above is supplemented 

by that set up by the action of the sag rod, the total being found as 

follows : — 

Approximate load from roof = 312 lbs. 

„ „ „ end covering and rails = 723 „ 



Total =1036 



>9 



+stre8S in rafter= =7 — r X -r;— =1249 lbs. 

axSmeA 2 

(a=rise of rafter=3'.5i^ A=angle of roof =24i°- Sine A=-4146). 

Recapitulating, the stresses are : — 

(a) Total+8tress=2770+ 1249=4019 lbs. 

(b) BM Vertical =5148 inch-lbs. 
(c) BM Longitudinal =15,240 „ „ 

The total compressive stress about an axis perpendicular to the 
section is due to stresses (a) and (c), and about an axis horizontal to 
the section is due to stresses (a) and (b) ; therefore the section may 
be found as follows : — 
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Assuming a 6''x2i'' fl with max. MS =6-25, min. MS»1. 

max. R =s2-3, min. R »-73. 

Area as 3*5 sq. inches. 

L 99 

^=»— »136, and safe stress as strut»7616 lbs. per sq. inoh. 

Safe flexure+stressss 16,800 lbs. per sq. inoh. 

4019 
Total+stress per sq. inoh due to (a) =:-^— si 148 lbs. 

,,, BM 6148 ^,^^„ 

(b)==rjr==«— - :ss:5148 Ibs. 



19 »9 f» >9 



MS 1 



/^._BM_ 16,240 gA^ftiK- 
" (c)=|jg=-g:^ =2438 lbs. 

The percentage of the aotnal to the tdlowable stress = 

*^** X 100=16% 



7616 
6148+2438 

16,800 



X 100=46% 



Total 61% 

Therefore the 6'x2}'n is ample. 

Batter Steya. — ^The direct compressiye effect of the roof and 
end load on the stay is similar to that on the rafter, i.e. 1249 lbs. 
The load being small, the section will be determined by the ratio 

^, which should not materially exceed —;- ; therefore 

Jtv 1 

L=8'-3' 

L 99 
R=v^;r — -tst; =*62 and section adopted, say, 3*'x S'^x i^ L- 

loO loO 

Bool Bracing. — ^The roof bracing is placed in the plane of the roof 
at each end of the building and takes the form (in plan) of a triangular 
girder, as shown on Plate 1 /A. The functions of the bracing are : — 

(1) To transmit the end wind force brought on to the roof by the 

end stancheons, to the sides of the building, 

(2) To give rigidity to the rafter backs in a direction at right angles 

to the rafter backs. 

(3) To prevent distortion due to changes of temperature. 

(4) To brace the framework whilst in course of erection. 

The whole of the four conditions do not occur simultaneously, 
and as the most severe combination of stresses will be probably those 
due to (1) and (2), these only need be considered. The stresses due 
to (2) will not be a maximum at the same time as those for (1), the 
reason being that the roof wind wiU not act at the same time as the 
end wind — ^the direction of the former being transverse, whilst that 
of the latter is longitudinal. 
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When the end wind is a maximum, the resistance required for 
function (2) is that necessary to prevent side flexure of the rafter 
backs, such flexure being caused by the compressive stress set up by 
the action of the roof principal in transmitting the dead load to the 
supports. 

The effect of function (2) is practically indeterminate, but may 
be assumed roughly as equal to one-half that for (1), and on this 
assumption the sections may be approximately determined as 
follows : — 

I W and W^ =wind force at panel points. ) « t>i * a 

\ A to G ^reference marks for joints, f ^^ ^^^^ ^* 

Stress in BF=+W. 

„ „ CG=+(W+Wl). 

(W+Wl)xAG 



f> » 



>» >f 
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The stress in AC and CE due to the outer loads (W) have abeady 
been aUowed for in designing the gable rafter. Solving the above : — 
W =4032 lbs. Add 60% for (2) =6048 lbs. 

Wl=6062 „ „ „ „ =7693 „ 
Stress in BF=+W=+6048 lbs. 

CG=+(W+Wl)= +13,641 lbs. 

AF^ (w+^^)^ (6048+3796) x^^ 16,735 lbs. 

^p_ (W+W^) AQ _ (6048+7693) x40>8 „ -^fi ll.» 

^^ 23^00 2^24 11.596 lbs. 

T3V, /W AG\ /6048 40-8\ ,„^„,, 

The sections of the members will be : — 

BFstress== +6048lbs.,lengthof strut--12'-0^endsfixed,2/3''x 2''x rnr 
CG „ = + 13,641,, „ „ -12'.0^ „ „ 2/3-'x2rxrnr 

m :: :in:595::|-yi/3^><3^><i^L. 

FC „ =- 6,142,, say l/2i^x2rxi^L. 

Owing to the length of the ties (about 19 ft.), they should be 
suspended about the centre from the adjacent purlin. 

The section for the struts is determined by the limit of ^5 , i.e. -rr-. 

xv 1 

If desired the HP struts may be dispensed with and the purlins at these 
c 
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points utilized in their stead, the purlins being designed to resist the 
combined compressive and bending actions. 

The reacting force to that in member AF may be resolved into 
three components, i.e. one (R) acting laterally — ^across the gable — 

from eaves to eaves, one (R^) acting longitudinally — along the eaves 

— ^from end to end, and the other vertically, the position coinciding 

with the centre of the comer stancheon. The last force will be amply 

provided for, and the effect may be ignored. Reaction R will equal 

AC 30 

stress in AF X 17? =lM36XT?r7;= 12,306 lbs., and the nature of the 

AG 40"8 

stress in the resisting member will be compressive. This member will 

be composed of 2/3*' x 2'' x i'' IT, and as the thrust in this 

member is taken up by the diagonal tie in the gable — ^between 

the comer and first intermediate stancheons — ^its length will equal 

the distance between these stancheons. If desired this strut may be 

dispensed with and the gable rail utilized, the latter being designed 

accordingly. Reaction R^ will equal stress in AF x •ttt= I^»736 x ttt-z 
^*^ ^ AG 40-8 

=9844 lbs., and the nature of the force will be compressive. This 

member will also be of 2/3*^ x 2^ x i*' "IF ; and the length will 

be that between the comer stancheon and the first side stancheon. 

This member may also be dispensed with by utilizing the eaves rail 

or purlin, or both, providing the stress is allowed for. 

OaUe Biaoes. — ^These braces extend diagonally across the first 
gable panel at each comer of the building, as shown on Plate 1/A. 
The functions are : — 

(1) To transmit the end wind force from the aforementioned 

struts to the foundations. 

(2) To prevent distortion in the gable due to the action of the roof 

wind force acting on the first 6^-0^ length of the building 
and to transmit such force to the foundations. 

(3) and (4) As described for roof bracings. 

The total force to be resisted is of a tensile nature, and the amount 

20 
may be assumed with safety as due to (1), and will equal 12,305 x— 

=20,608 lbs., which will be resisted by a 3^*^ x i"" flat bar. 

Side Braces. — ^These braces extend diagonally across the first side 
panel at each comer of the building, as shown on Plate 1/A. The 
functions are somewhat similar to those of the gable braces, and the 
section may be the same, i.e. 3}' x i" flat bar. 

Sag rods. — ^These are provided to the side and end rails and to the 
roof purlins, as before described, the length being equal to the dis- 
tance between the adjacent rails or purlins. In the sheds under 
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discussion the maximum tension is that in the top gable rod, i.e. about 
851 lbs., and for practical reasons the rods will be i" diameter, screwed 
at each end and provided with nuts for securing to the rails and purlins. 

Foiindaiions. — ^The design of the foundations is governed by the 
nature of the ground and by the forces to be resisted. The method 
of designing foundations where proper fixity of base is r^uired, as for 
Types 2 and 4, is very complex, and, if theory is to be strictly adhered 
to, is commercially impracticable. 

Generally speaking, two methods may be followed, i.e. : — 

(1) Where the resistance of the foundation is derived from a mass 
of concrete of such dimensions as to aUow of the resultant force (lateral 
and vertical forces combined) intersecting the base of the concrete 
at a point away from the centre of about one-third to two-thirds the 
distance between the centre and the inner edge of the concrete mass, 
that is, the edge to which the resultant is pointing, the exact position 
being fixed by the allowable pressure. 

(2) Where the resistance of the foundations is derived from a mass 
of concrete as described in (1), plus the resistance of two forces acting 
as a '' couple," such forces being situated at the centre of action of the 
resistance offered to overturning by the earth, at the windward and 
leeward sides of the foundations. 

The objection to the first method is that such method is com- 
mercially impracticable ; whilst the objection to the second method is 
that the earth will not comply with '' the elastic law," and therefore 
the fixity will be imperfect. 

In spite of the objection to method (2), this method is the one 
generally used in the trade, and has proved satisfactory, probably 
owing to the estimated allowance for wind pressure exceeding the 
actual amount, and also owing to the actual stresses exceeding the 
estimated stresses. 

The choice between these Types as to whether to adopt Type 3 or 
Tjrpe 4, or a compromise (Type 4 foundations and a mean between 
Type 3 and Type 4 stancheons) is left to the designer, but if the earth 
available is capable of safely resisting the pressure adopted for Type 4, 
i.e. 3 tons, then the author — as the result of experience — ^advises as 
follows : — 

(1) If the design is non-competitive, adopt Type 3 always in 
preference to Type 4. 

(2) If the design is competitive, or Type 3 unsuitable, as, for 
instance, a machine shop with crane, adopt either Type 4 or a mean 
between Types 3 and 4, but preferably the latter. 

For the purpose of this chapter the safe allowable pressure for the 
earth will be taken as 3 tons per square foot for Types 2 and 4, and 
1 ton per square foot for Type 3. 

Side Foiindatioiui, Type 8. — ^The forces to be resisted by the side 
foundations are : — 
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(1) The horizontal component of the roof wind force (HN). 

(2) The vertical „ „ „ „ „ „ (VN). 

(3) The side wind force (HpS). 

(4) The weight of the roof (W), and of the side (W^). 

The moment due to forces (1) and (3) is resisted by two forces, 
one force acting on the windward side and the other on the leeward 
side of the foundation. The bottom portion of the stancheon is 
embedded in concrete, and the latter acts as the medium in equalizing 
the effect of action and reaction. The lateral forces acting on the 
stancheon tend to overturn the concrete block, such tendency being 
resisted by the earth on the leeward and windward sides. The pressure 
on the leeward side varies in intensity from zero, at the bottom, to a 
maximum at the top of the foundation, and the centre of pressure 
will therefore be at a distance, down from the top, of one-third the 
depth of the concrete. The pressure on the windward side also varies 
in intensity, being zero at the top and a maximum at the bottom, the 
centre of pressure being situated at a distance, up from the bottom, of 
one-third the depth of the concrete. 

Assuming the concrete block to be 4'-0*' deep by 2'-9^ square, then 
the centre of pressure on the leeward and windward sides will be 
l'.^*' and 2'-8^ from the top respectively, and the earth pressure may 
be found as follows : — 

HN HpS 

Lateral forces =—^=1486 lbs., and -^=2400 lbs. 

Leverage of HN =20'-0''+l'-4^==21'.4^ 

Leverage of HPS =10'-0^+l'-4*=ll'-4^ 

Total overturning moment =(1485 x 2lU^)+(2400 x 11 '-4'') 
=58,880 ft. -lbs. 

The vertical forces act through the centre line of the stancheon, 
and have a leverage equal to, say, one-third the width of the concrete 
block. These forces counteract the overturning effect of the lateral 
forces by the extent shown hereafter : — 
Force (2)= -TVN =4541 lbs. 

„ (4)= W+W^ =4368 „ 
Weight of concrete, say =3400 „ 



12,309 
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Resisting moment =12,309 lbs. x 1^=11,283 ft.-lbs. 
The total overturning moment to be resisted by the earth will 
therefore be : — 

58,880-11,283=47,597 ft.-lbs. 

47 597 
Windward reaction =--r7v-= 35,698 lbs. 

1 -4 

Leeward reaction =35,698 -1-1485+2400=39,583 lbs. 
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Area of earth in contact with concrete=s4'-0''x2'-9^=ll sq. ft. 

Mean pressiire»39,583-Ml=:3598 lbs. 

Maximum pressure =3598 lbs. x 2=7196 lbs., which is beyond safe 
limits. 

Therefore increase the width to 3'-0', which will reduce the maxi- 
mum pressure from 7196 to 6696 lbs. 

The effect of the vertical forces (2) and (4) is to put pressure on the 
earth in contact with the base of the concrete block, such pressure 
being unequally distributed over half the whole area, the amount 
being 12,309 lbs., and as the area of half the base is 4-125 sq. ft., the 
mean pressure will be 2984 lbs. per sq. ft., and maximum pressure 
2984 X 2=5968 lbs., which is well within safe limits. 

The size of block (4'^^ deep x 2'.9^ X 3'-0'' wide) will therefore be 
suitable, and the stancheon will be embedded for a depth of 3^-0^ to 
3'.3^ 

Side Foondaiioiis, Type 8. — ^The base of the stancheon being 
assumed as pin-jointed, then the moment of the wind is resisted by 
the transverse frame ; consequently the only forces acting on the 
foundations are the shearing force and the vertical force. For this 
type the safe earth pressure is assumed as 2240 lbs. per square foot, 
the design of shed being adopted for use on bad ground ; the dimen- 
sions of the concrete block will be determined as follows : — 

Shearing force=4777 lbs. 

Leeward area =4777-^2240=2-1 sq. ft. (friction being ignored). 

Vertical forces = 
Weight of concrete block (2'.0^ x 2'-0'' x l'-3'') = 560 lbs. 
Vertical forces =8087 „ 

Total 8647 „ 

Area of base = 8647 -r 2240 =3*86 sq. ft. 

The size of block assumed, i.e. 2'-0*' x 2'-0^ x l'-3^, will therefore be 
ample. If the stancheon base rests on the concrete foundation the 
bolts forming the connection should be proportioned to resist the 
above shearing force. 

Side Foundatioiis, Type 4. — ^The procedure for this type is similar 
to that described for Type 2. The lateral forces are : — 

(1) Lateral force at point of contraflexure in stancheon =3427 lbs. 

(3) „ „ on portion of stancheon below point of contra- 

flexure = 1 800 lbs. 

Assmning the concrete block to be 3^-6' deep x 2^-6'' square, the 
centre of pressure will be l'-2*' and 2'-4*' down from the top, for the 
leeward and windward sides respectively ; therefore the leverage for 

Force (l) = 7'.6^-fl'-2''=8'-8^ and for 
„ (3)=3'.9''-fl'-2''=4'-ll'', and the overturning moment will 
be (3427x8'.8^)-h(1800x4'-ir)=38,551 ft.-lbs. 
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The resistance offered by the vertical forces will be : — 
Vertical forces = 7947 lbs. 

Weight of concrete = 2450 



Total 10,397 
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Resistance =10,397 x 10''=8664 ft.-lbs. 

Total moment to be resisted by earth =:= 38,651 — 8664 = 29,887 ft. -lbs. 

Windward reaction = 29,887 -M '-2^= 25,617 lbs. 

Leeward „ =25,617+3427+1800=30,844 lbs. 

Area of earth = 3'-6'' x 2'-6''= 8-75 sq. ft. 

Mean pressure =30,844-^8-75=3525 lbs. per sq. ft. 

Maximum pressure =3525 x 2=7050 lbs. per sq. ft. 

This pressure exceeds safe limits, therefore increases the width 
to 3'-0^ 

The vertical force is 10,397 lbs., and the effective base area 3} sq. ft.; 
therefore the mean pressure per square foot =2772 lbs., and the maxi- 
mum pressure equals 2772 x 2=5544 lbs. 

The earth pressures are within the safe limit, and the size of block 
adopted, i.e. 3'-6'' deep x 2'-6^ x 3'-0* wide, is suitable. The stancheon 
should be embedded for a depth of about 2^-9'^. 

GaUe Foandations. — ^The procedure for these foundations is 
similar to that for the side foundations for Type 3. The forces to be 
resisted are the same for all types, i.e. the vertical force due to dead 
weight and the shearing force due to wind. Taking the centre 
stancheon for the maximum loads, these will be : — 

Vertical force, say, 5190 lbs. 

Wind reaction „ 5062 „ 

For an allowable pressure of 6720 lbs. (Types 2 and 4) the concrete 
block would do if I'-O' cube, but for practical reasons the block will 
require to be 2'-0^xl'-6*'xl'-6*' deep, and this size will be suitable 
for the lower pressure of 2240 lbs. adopted for Type 3. The stancheon 
base should be embedded about 9' to resist the shearing force. 

The foundations are all shown on Plate 1 /A. 

Sheds ol Multiple Bays. — ^The application of the theory of struc- 
tures as before described for single bay sheds is somewhat similar for 
sheds having two or more bays. The cardinal point to be considered 
before the reactions can be determined is that of the distribution of 
the lateral forces. If these forces can be distributed over the entire 
width without subjecting the bottom chords of the roof principals to 
a compressive stress, then this distribution will be the most correct 
and most economical. If, however, the amount of side wind force 
to be transmitted through the principal of the windward bay, exceeds 
the tension in the centre tie, due to the thrusting effect of the vertical 
load on each half of the principal, then the bottom chord of the 
principal will be in compression, and as the chord will need to have 
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proper side stiffeners (longitudinal ties) and be designed as a strut, 
this arrangement wiU be uneconomical. The alternative method wiU 
be to limit the side wind force transmitted through the principal to 
something less than the tensile force referred to above. 

For practical purposes, and to facilitate the standardizing and 
repetition of the various parts, it is preferable to proportion the outer 
bays as if they were single bay sheds, and to adopt the same sections 
for the inner bays, and this procedure will not involve any great 
uneconomic use of material. If desired, as the tendency to distortion 
is less in the inner than in the outer bays, the stancheons for the inner 
bays may be decreased in strength, or placed further apart longi- 
tudinally. 

Framed Sheds with Bilok Panels. — ^Although the types chosen 
for illustration have the walls covered with corrugated sheeting, the 
stresses for a shed having brick panelling between the stancheons may 
be determined in a sindlar manner, with the proviso that as the 
brick wall will be considerably heavier than the sheet covering, the 
resistance to overturning may be utilized and the sections of the 
principals and stancheons decreased accordingly. 



CHAPTER II. 

THB 8TANDABDIZIN0 OF SHBD-MBMBEBS AND FOUNDATIONS. 

SHEETED SHEDS. 

Bt adopting a constant outline for the piincipal members of the roof 
principals and transverse frames^ by using a constant relative pro- 
portion for the main dimensions, and also a similar combination of 
data, stress coefficients may be obtained, which, when multipUed by 
certain necessary varying factors, will give the total stresses in the 
various members and thus greatly facilitate designing. Further, by 
the compiling and use of a standard table of sections for sheds of 
varying dimensions, the manufacture and erection will be considerably 
accelerated and cheapened. 

The data adopted for use in the determination of the unit stresses 
are as follows : — 
Weight of roof : 8 lbs. per sup. ft. 

„ sides : 5 „ „ 
Roof wind force : 32 lbs. per sq. ft. — horizontal. 
Side „ „ 20 
Angle of roof slope : 24}°. 
Length of building considered : I'-O^. 
Span (transverse distance between side stancheons) : 12-^0^ 
Height from ground to eaves : 4^-0^ 

Unit length x -\^ =total length of member. 

Force Constants for Reactions. 

The constants previously referred to wiU similarly apply and may 
be found as follows : — 

HP for roof : 32 lbs. per sq. ft. Resolving these, then 
NP for roof =32 x -56=18 lbs. per sq. ft. 
VN „ „ = 18 X -91 =16-38 lbs. per sq.ft. 
HN „ „ =18 X •4146=7-46 „ 
Length of roof slope relative to span =6-6 ft. 
Area of roof =6-6 sq. ft. 
Total VN=16-38x6-6=108-ll lbs. 

„ HN=7-46 X 6-6=49-24 lbs. 

„ NP=18 X 6-6= 118-8 lbs. 

24 
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BP for side— 20 lbs. per. sq. ft. 
Height of Edde=4'-0'. 
Area of side =4 sq. ft. 

HPS=20x4=:80lbs. 

Waght of roof (W)=16 x 6-6» 106-6 lbs. 

Weight of each side (W^) =6 x 4=20 lbs. 



CALCULATIONS FOR REACTIONS. 

Type 2, PrinciiMls. 

W 
Total upward reaction at WRP=-^+-637 NP= 62-8 +76-676 

=128-476 lbs. 

W 
Total upward reaction at LRP=^+-275 NP«62-8+32-432 

=86-232 lbs. 
Total horizontal reaction at WRP=-2073 NP=24-627 lbs. 

„ „ „ „ LRP=-2073NP+-26HPS=24-627+20 

=44-627 lbs. 

Type 8, Thusvene Frames. 

Total upward reaction at WRT=y +Wl + p-(-3C+-4667S ) xvn] 

_ ±ij: ^u ^62-8+20+69-2-13-33=118-67 lbs. 
Total upward reaction at LRT=^+Wl+[i^^^±^^55!§l)xVN] 

•nrpS vT 2 
_ :^f_±±L=62-8+20+48-8+13-33=134-93 lbs. 

irpS "PTTP 

Total horizontal reaction at WRT=-2073 NP+ +RHP 

=24-627+26+30=79-627 lbs. 

Total horizontal reaction at LRT=-2073 NP+ . 

= 24-627 + 26 = 49-627 lbs. 

Type 4, Tiansvene Frames. 
Total upward reaction at WRT=^ +Wl ^.rCH:3C+^4667Sf) ^ ^ 

_ HP»xL ^62.8+20+66-34-6-2=132-94 lbs. 



I 
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Total upward reaction at LRT=^+Wl+r-?^i^5^ xVn] 
.HpSxL2 



C 



-62-8-|-20+42-65+6*2=:120-66 lbs. 



TTpS HTTP 

Total horizontal reaction at WRT= •2073 NP + +RHP 

=24-627+17*6+15=67127 lbs. 

TTpS RHP 

Total horizontal reaction at LRT=-2073 NP+ 

=24-627+17-6=42-127 lbs. 

These reactions will enable the force diagrams to be completed, 
from which the stress diagrams may be drawn in the usual manner, 
as shown on Plates 2/E, 2/F, and 2/6 for Types 2, 3, and 4 respectively, 
and the amount and nature of the various unit stresses in the members 
determined. These unit stresses are tabulated on sheet 2/1 for spans 
ranging from 40 ft. to 70 ft., and on sheet 2/2 for spans from 70 ft. to 
100 ft. 

Since these unit stresses have been determined for sheds having 
the fixed ratio of span to height of 12:4, and for principals supporting 
a length of building equal to 1 foot, then, if the ratio adopted is adhered 
to, the total stress in any member may be found by the formula : — 

S=:USx^xD, where 

S= total stress in member. 
US=:unit „ „ „ 
C=:Bpan in feet. 
D—distanoe apart, in feet, of principals or transverse frames. 
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XJNIT STRESSES IN SPANS 40 TO 70 FT. 



SHEETED ROOFS. 




*J 'Longitudinal \ 

Member /5 required to Tjpts 
3it4- only. 



Member 


Condition 

of 

Kndfl 


Unit 
Length 


* Unit stresB in pounds 


Type2 


Type3 


Type4 


1 


B.E.F. 


1-6484 


+261 


+324 


+281 


2 


B.E.F. 


1*6484 


+274 


+337 


+294 


3 


B.E.F. 


1*6484 


+287 


+360 


+307 


> 
4 


B.B.F. 


1*6484 


+300 


+363 


+320 


6 




1-6 


-236 


-236 


-186 


6 




1-6 


-184 


-220 


-170 


7 




6 


-83 


-70 


-78 


8 


6.E.F. 


2-0296 


-137 


+67 or 
-224 


+20 or 
-172 


9 


O.E.F. 


20296 


-206 


+39 or 
-292 


+2 or 
-240 


10 


O.E.F. 


•6836 


+46 


+46 


+46 


11 




2-0296 


-68 


-68 


-68 


12 


B.E.F. 


1-3672 


+92 


+92 


+92 


13 




1-5 


-61 


-61 


-61 


14 


O.E.F. 


•6836 


+46 


+46 


+46 


15 


B.E*F« 


3-1623 




+212 


+113 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes oompresBian. 

* — denotes tension. 
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28 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 



UNIT STRESSES IN SPANS 70 TO 100 FT, 



SHEETED BOOFS. 




Member iS required to Tvpes 
3S4-only. ^ •^'^ 



Momber 


Condition 

of 

Ends 


Unit 
Length 


* Unit stress in pounds 


Type2 


Type3 


Type4 


1 


B.B.F. 


1<099 


+293 


+340 


+297 


2 


B.E.F. 


1099 


+293 


+356 


+313 


3 


B.E.F. 


1099 


+305 


+368 


+325 


4 


B.E.F. 


1-099 


+321 


+384 


+341 


5 


- 


1-5 


-250 


-250 


-195 


6 


• 


1-5 


-184 


-220 


-170 


7 




6 


-83 


-70 


-78 


8 


O.E.F. 


2-0296 


-137 


+67 or 
-224 


+20 or 
-172 


9 


O.E.F. 


20296 


-226 


+18 or 
-313 


+2 or 
-261 


10 


O.E.F. 


•6761 


+31 


+31 


+31 


11 




2-0296 


-89 


-89 


-89 


12 


B.E.F. 


1-3672 


+92 


+92 


+92 


13 




1-5 


-66 


-66 


-66 


14 


O.E.F. 


1-04 


+46 


+46 


+46 


15 


B.E.F. 


3-1623 




+212 


+113 



B.KF. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes compression. 

* — denotes tension. 
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The proportion of the height to the span and the value of the 

Q 

expression To X D are given below for various spans : — 



Span 


Height 


JlxD equals for 


12'-0' centres 


IS'-O* centres 


40'-0' 


13'.4' 


40 


60 


50'.0' 


16'.8' 


50 


62<6 


W-O* 


20'-0' 


eo 


76 


TO'-C 


23'-4' 


70 


87-6 


80'-0' 


26'-8' 


80 


100 


W'O' 


scr-o* 


00 


112*6 


lOO'-C 


33'.4' 


100 


126 



To illustrate the utility of the above values : — 

The total stress in any member for a shed 60^-0'^ span x 20^-0^^ high 
X 12^-0'^ centres may be determined by multiplying the unit stress 
in that member by 60 ; if the centres are 15^-0^ then the multiplier 
will be 75. 

By the use of the tables for unit stresses and multipliers, the total 
stresses in the various members for sheds of varjing spans (but with 
height at the fixed ratio to the span) may be easily found. Sheets 2/3 
to 2/8 give the tabulated stresses for spans varjong from 40 to 70 ft., 
and sheets 2/9 to 2/14 for spans varjong from 70 to 100 ft. It should 
be noted that the frame diagram for the latter range of spans is a 
modification of that used for finding the unit stresses ; consequently, 
for certain members, the stresses will require to be separately computed, 
and although no diagram nor calculations are given, the unit stresses 
given on sheets 2/9 to 2/14, for these particular members, may be 
safely accepted as correct. 



30 THE FRAOriCAL DESIGN OF STEEI^FKAMED SHEDS 



TOTAL STRESSKS IN SPANS 40 TO 70 FT. 

ly-cr CENTRES— TYPE !. 
SHEBTED EOOFS. 




Uember 


of 
Ends 


Unit 
Length 


• Total B(«n 1 


40'-0' 
Span 


CO'-O- 

Span 


60'.0- 
Span 


70'-0' 
Span 




B.E.F. 


1-6484 


+ 1M40 


+ 13050 


pounds 
+ 10660 


poundB 
+ 18270 




B.B.P. 


I -6464 


-f 10960 


+ 13700 


+ 16440 


+ 19180 




B.E.F. 


1-6484 


+ 11480 


+ 14360 


+ 17220 


+20090 




B.E.F. 


1-64S4 


+12000 


+ 16000 


+ 18000 


+21000 






1-0 


- 0400 


-11760 


-14100 


-16460 






1-8 


- 7300 


- 8200 


-1 1040 


-12880 






« 


- 3320 


- 4160 


- 4080 


- 5810 






2-02»e 


- 6480 


- 6860 


- 8220 


- 9590 






2-0S96 


- 8200 


-10260 


-13300 


-14360 




O.E.P. 


•6836 


+ 1840 


+ 2300 


+ 2760 


+ 8220 






2-0296 


- 2720 


- 3400 


- 4080 


- 4760 




B.E.F. 


1-3672 


+ 3680 


+ 4600 


+ 6520 


+ 6440 


13 




1-0 


- 8040 


- 2660 


- 3060 


- 3570 


14 


O.E.P. 


■6836 


+ 1640 


+ 2300 


+ 2760 


+ 3220 



F. denoU« both ends fixed. 

F. denotes one end fixed, other end free, 

lengtii mviltiplied bj multiplier equals length of jnember. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



IS'-O* CENTRES— TYPE 2. 



SHEETED ROOFS. 




'LoftjfiludinBl 
Membtr tSrtquind to T/pcj 



Member 


Condition 

of 

Endfl 


Unit 
Length 


* Total Btrees 


40'-0' 
Span 


60'-0' 
Span 


OO'-O* 
Span 


70'.0' 
Span 


1 


B.E.F. 


1*6484 


poimcls 
+ 13060 


pounds 
+ 16312 


pounds 
+19676 


pounds 
+22837 


2 


B.E.F. 


1-8484 


+ 13700 


+ 17126 


+20660 


+23976 


3 


B.E.F. 


1*6484 


+ 14360 


+ 17937 


+21626 


+26113 


4 


B.E.P. 


1*6484 


+16000 


+ 18760 


+22600 


+26260 


6 




1-5 


-11760 


-14687 


-17626 


-20662 


6 




1-5 


- 9200 


-11600 


-13800 


-16100 


7 




6 


- 4160 


- 6187 


- 6226 


- 7262 


8 




20296 


- 6860 


- 8662 


-10276 


-11987 


9 




20296 


-10260 


-12812 


-16376 


-17937 


10 


O.E.P. 


•6836 


+ 2300 


+ 2876 


+ 3460 


+ 4026 


11 




20296 


- 3400 


- 4260 


- 6100 


- 6960 


12 


B.E.F. 


1*3672 


+ 4600 


+ 6760 


+ 6900 


+ 8060 


13 




1*5 


- 2660 


- 3187 


- 3826 


- 4462 


14 


O.E.F. 


•6836 


+ 2300 


+ 2876 


+ 3460 


+ 4026 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes compression. 

* — denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



12'-0' CENTRES— TYPE 8. 









SHRKTEU 


ROOFS. 


ai^ 












T ^ /^ 












"^''^J ^Longitudinal Tit^ "^ 

Member 15 required to Types 
3 ^A only. ^ ^"^ 




• 


Member 


Condition 

of 

Ends 


Unit 
Length 


* Total stirees 


40'.0' 
Span 


60'-0' 
Span 


60'.0' 
Span 


70'.0' 
Span 


1 


B.E.F. 


1-6484 


pounds 
+ 12960 


pounds 
+ 16200 

• 


pounds 
+ 19440 


pounds 
+22680 


2 


B.E.F. 


1-6484 


+ 13480 


+ 16850 


+20220 


+23690 


3 


B.E.P. 


1*6484 


+ 14000 


+ 17600 


+21000 


+24600 


4 


B.E.F. 


1*6484 


+ 14520 


+ 18160 


+21780 


+26410 


5 




1-6 


- 9400 


-11760 


-14100 


-16460 


6 




1*6 


- 8800 


-11000 


-13200 


-16400 


7 




6 


- 2800 


- 3600 


- 4200 


- 4900 


8 


O.E.F. 


20296 


+ 2280 or 
- 8960 


+ 2860 or 
-11200 


+ 3420 or 
-13440 


+ 3990 or 
-16680 


9 


O.E.F. 


20296 


+ 1560 or 
-11680 


+ 1960 or 
-14600 


+ 2340 or 
-17620 


+ 2730 or 
-20440 


10 


O.E.F. 


•6836 


+ 1840 


+ 2300 


+ 2760 


+ 3220 


11 




2*0296 


- 2720 


- 3400 


- 4080 


- 4760 


12 


B.E.F. 


1-3672 


+ 3680 


+ 4600 


+ 6620 


+ 6440 


13 




1-6 


- 2040 


- 2560 


- 3060 


- 3670 


14 


O.E.F. 


•6836 


+ 1840 


+ 2300 


+ 2760 


+ 3220 


16 


B.E.F. 


31623 


+ 8480 


+ 10600 


+ 12720 


+14840 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes compression. 

* — denotes tension. 



2/6 



THE STANDARDIZING OF SHED-MEMBEBS 



33 



TOTAL STRESSES IN SPANS 40 TO 70 FT. 



15'^ CENTRES— TYPE 8. 



SHEETED ROOFS. 




') 'Loitgitudiittl '• 
Member ISrtquirtd to l/ptt 
Si* only. 



Member 


Condition 

of 

Ends 


Unit 
Length 




* Total strees 




40'-0' 
Span 


60'-0' 
Span 


60'.0' 
Span 


70'.0' 
Span 


1 


B.E.F. 


1-6484 


pounds 
+16200 


pK>und8 
+20260 


pounds 
+24300 


pK>unds 
+28360 


2 


B.E.F. 


1*6484 


+ 16850 


+21062 


+26276 


+29487 


3 


B.E.F. 


1*6484 


+17600 


+21875 


+26260 


+30626 


4 


B.E.F. 


1*6484 


+ 18160 


+22687 


+27226 


+31762 


5 




1*5 


-11760 


-14687 


-17626 


-20662 


6 




1*6 


-11000 


-13750 


-16500 


-19260 


7 




6 


- 3600 


- 4376 


- 6260 


- 6126 


8 


O.E,F. 


2*0296 


+ 2850 or 
-11200 


+ 3662 or 
-14000 


+ 4276 or 
-16800 


+ 4987 or 
-19600 





O.E.F. 


2*0296 


+ 1950 or 
-14600 


+ 2437 or 
-18250 


+ 2926 or 
-21900 


+ 3412 or 
-26550 


10 


O.E.F. 


•6836 


+ 2300 


+ 2876 


+ 3460 


+ 4026 


11 




20296 


- 3400 


- 4260 


- 6100 


- 6960 


12 


B.E.F. 


1*3672 


+ 4600 


+ 6750 


+ 6900 


+ 8060 


13 




1*6 


- 2550 


- 3187 


- 3825 


- 4462 


14 


O.E.F. 


•6836 


+ 2300 


+ 2876 


+ 3460 


+ 4026 


16 


B.E.F. 


31623 


+ 10600 


+ 13260 


+ 16900 


+ 18660 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes oompreesion. 

* — denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



IS'-O* CENTRES— TYPE 4. 



SHEETED ROOFS. 




) 'iMtgitttdinal '. 

Mtmber ISrtqu'mi to Typu 
3 1* only. ^ -"^ 



Member 


Conditian 

of 

Ends 


Unit 
Length 


* Total Btreas 


40'-0' 
Span 


50'-0' 
Span 


60'-0' 
Span 


70'-0' 
Span 


1 


B.E.F. 


1-6484 


pounds 
+ 11240 


pounds 
+ 14050 


pounds 
+16860 


pounds 
+ 19670 


2 


B.B.F. 


1-6484 


+11760 


+ 14700 


+17640 


+20580 


3 


B.B.F. 


1-6484 


+12280 


+ 15350 


+18420 


+21490 


4 


B.E.F. 


1-6484 


+ 12800 


+ 16000 


+ 19200 


+22400 


5 




1-5 


- 7400 


- 9250 


-11100 


-12950 


6 




1-5 


- 6800 


- 8500 


-10200 


-11900 


7 




6 


- 3120 


- 3900 


- 4680 


- 5460 


8 


O.E.F. 


2-0296 


+ 800 or 
- 6880 


+ 1000 or 
- 8600 


+ 1200 or 
-10320 


+ 1400 or 
-12040 


9 


O.E.F. 


2-0296 


+ 80 or 
- 9600 


+ 100 or 
-12000 


+ 120 or 
-14400 


+ 140 or 
-16800 


10 


O.B.F. 


-6836 


+ 1840 


+ 2300 


+ 2760 


+ 3220 


11 




2-0296 


- 2720 


- 3400 


- 4080 


- 4760 


12 


B.E.F. 


1-3672 


+ 3680 


+ 4600 


+ 5520 


+ 6440 


13 




1-5 


- 2040 


- 2550 


- 3060 


- 3570 


14 


O.B.F. 


•6836 


+ 1840 


+ 2300 


+ 2760 


+ 3220 


15 


B.E.F. 


3-1623 


+ 4520 


+ 5660 


+ 6780 


+ 7910 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes compression. 

* — denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



15'.0' CENTRES— TYPE 4. 









SHF.KTED ROOFS. 
.^yTaiyf2\X Ni XP 














^™ju 


^ ^ /^ 














'^^) 'Longitudi/fl Ttc^ 

Member t5 required to Types 
3^4- only. 








Member 


Condition 

of 

EndH 


Unit 
Length 


* Total Stress 


40'-0^ 
Span 


50'-0' 
Span 


60'-0' 
Span 


70'.0' 
Span 


1 


B.E.F. 


1*6484 


pounds 
+ 14050 


pounds 
+ 17562 


pounds 
+21075 


pounds 
+24587 


2 


B.E.F. 


1*6484 


+ 14700 


+ 18376 


+22050 


+26476 


3 


B.E.F. 


1-6484 


+15350 


+19187 


+23026 


+26862 


4 


B.E.F. 


1-6484 


+ 16000 


+20000 


+24000 


+28000 


6 




1-5 


- 9250 


-11562 


- 13876 


-16187 


6 




1-5 


- 8500 


-10625 


- 12760 


-14876 


7 




6 


- 3900 


- 4876 


- 6850 


- 6826 


8 


O.E.F. 


20296 


+ 1000 or 
- 8600 


+ 1250 or 
- 10750 


+ 1500 or 
-12900 


+ 1750 or 
- 15050 


9 


CE-P. 


2 0296 


+ 100 or 
-12000 


+ 126 or 
-15000 


+ 150 or 
-18000 


+ 175 or 
-21000 


10 


O.E.F. 


•6836 


+ 2300 


+ 2876 


+ 3450 


+ 4026 


11 




20296 


- 3400 


- 4260 


- 5100 


- 6950 


12 


B.E.F. 


1-3672 


+ 4600 


+ 5750 


+ 6900 


+ 8050 


13 




1-5 


- 2550 


- 3187 


- 3825 


- 4462 


U 


O.E.F. 


•6836 


+ 2300 


+ 2875 


+ 3450 


+ 4026 


15 


B.E.F. 


31623 


+ 5650 


+ 7062 


+ 8475 


+ 9887 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes compression. 

* — denotes tension. 
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36 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 



TOTAL STRESSES IN SPANS 70 TO 100 FT, 



12-0' CENTRES— TYPE 2. 



SHEETED ROOFS. 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes compression. 

• — denotes tension. 





^J^ 


r\ 


^ 


^ho-. 


« 








.^^tS^ Longitudinal Tie^ ^^*'^*% 

Membr /Sreauired to Types 
36 ^only. 


• 


Member 


Condition 

of 

Ends 


Unit 
liNigth 


* Total stress 


70'.0' 
Span 


80'-0' 
Span 


90'.0' 
Span 


lOO'-O* 
span 


1 


B.E.F. 


1-099 


pounds 
+19390 


pounds 
+22160 


pounds 
+24930 


pK>unds 
+27700 


2 


B.E.F. 


1-099 


+20510 


+23440 


+26370 


+29300 


3 


B.E.F. 


1-099 


+21350 


+24400 


+27460 


+30600 


4 


B.E.F. 


1-099 


+22470 


+26680 


+28890 


+32100 


6 




1*5 


-17600 


-20000 


-22500 


-26000 


6 




1-5 


-12880 


-14720 


-16660 


-18400 


7 




6 


- 6810 


- 6640 


- 7470 


- 8300 


8 

» 




2-0296 


- 9690 


-10960 


-12330 


-13700 


9 




2-0296 


-16820 


-18080 


-20340 


-22600 


10 


O.E.F. 


•6761 


+ 2170 


+ 2480 


+ 2790 


+ 3100 


11 




20296 


- 6230 


- 7120 


- 8010 


- 8900 


12 


B.E.F. 


1-3672 


+ 6440 


+ 7360 


+ 8280 


+ 9200 


13 




1-5 


- 4620 


- 6280 


- 6940 


- 6600 


14 


O.E.F. 


1-04 


+ 3220 


+ 3680 


+ 4140 


+ 4600 
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TOTAL STRESSES IN SPANS 70 TO 100 FT. 



IS'-O* CENTBES— TYPE 8. 



SHEETED ROOFS. 




itudinai 
'MembT JSrBffuired to Types 



Blember 


Condition 

of 

Ends 


Unit 
Length 


* Total 8tfe08 


70'-0' 
Span 


80'-0' 
Span 


90'-0' 
Span 


lOO'-O' 
Span 


1 


B«£*F» 


1099 


pounds 
+24238 


pK>und8 
+27700 


pounds 
+31162 


pounds 
+34625 


2 


B.E.F. 


1-099 


+25638 


+29300 


+32962 


+36625 


3 


B.E.F. 


1*099 


+26688 


+30500 


+34312 


+38125 


4 


B.E.F. 


1-099 


+28088 


+32100 


+36112 


+40125 


6 




1*6 


-21875 


-25000 


-28125 


-31250 


6 




1*6 


-16100 


-18400 


-20700 


-23000 


7 




6 


- 7262 


- 8300 


- 9338 


-10375 


8 




20296 


-11988 


-13700 


-15412 


-17125 


9 




2-0296 


-19775 


-22600 


-25425 


-28250 


10 


O.E.P. 


•6761 


+ 2712 


+ 3100 


+ 3488 


+ 3875 


11 




20296 


- 7788 


- 8900 


-10012 


-11125 


12 


B«E«F« 


1-3672 


+ 8050 


+ 9200 


+10350 


+11500 


13 




1-5 


- 6775 


- 6600 


- 7425 


- 8250 


14 


O.E.F. 


104 


+ 4025 


+ 4600 


+ 5175 


+ 5750 



B.KF. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length moltiplied by multiplier equals length of member. 

* + denotes oompression. 

* — denotes tension. 
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TOTAL STRESSES IN SPANS 70 TO 100 FT. 



la'-O" CENTRES— TYPE 8. 



SHEETED ROOFS. 




1A 'Longitudinal 
Mmmber JSretiutred to Types 



Member 


Condition 

of 

Ends 


Unit 
Length 


• Total BtrooB 


70'-0' 
Span 


80'-0' 
Span 


90'.0* 
Span 


lOO'-O' 
Span 


1 


B.E.F. 


1099 


pounds 
+23800 


pounds 
+27200 


pounds 
+30600 


pounds 
+34000 


2 


B.E.F. 


1-099 


+24920 


+28480 


+32040 


+36600 


3 


B.E.F. 


1-099 


+26760 


+29440 


+33120 


+36800 


4 


B.E.F. 


1-099 


+26880 


+30720 


+34660 


+38400 


6 




1-5 


-17600 


-20000 


-22600 


-26000 


6 




1-5 


-16400 


-17600 


-19800 


-22000 


7 




6 


- 4900 


- 6600 


- 6300 


- 7000 


8 


O.E.F. 


20296 


+ 3990 or 
-16680 


+ 4660 or 
-17920 


+ 6130 or 
-20160 


+ 6700 or 
-22400 


9 


O.E.F. 


2-0296 


+ 1260 or 
-21910 


+ 1440 or 
-26040 


+ 1620 or 
-28170 


+ 1800 or 
-31300 


10 


O.B.F. 


•6761 


+ 2170 


+ 2480 


+ 2790 


+ 3100 


11 




2-0296 


- 6230 


- 7120 


- 8010 


- 8900 


12 


B.E.F. 


1-3672 


+ 6440 


+ 7360 


+ 8280 


+ 9200 


13 




1*5 


- 4620 


- 6280 


- 6940 


- 6600 


14 


O.E.F. 


1-04 


+ 3220 


+ 3680 


+ 4140 


+ 4600 


15 


B«£«F. 


3-1623 


+14840 


+ 16960 


+ 19080 


+21200 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by miiltiplier equals length of member. 

* + denotes oompression. 

* — denotes tension. 
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TOTAL STRESSES IN SPANS 70 TO 100 FT. 



15'^ CENTRES— TYPE 8. 



SHEEIED ROOFS. 




ZSi 'Lengitudinal 

Mtmbv ISraauirad to TypM 
3i ronly. 





Condition 

of 

Rndii 


Unit 
Length 




• Total stroBB 




70'-0' 
Span 


80'-0' 
Span 


90'^ 
Span 


lOO'-O' 
Span 


1 


B.E.F. 


1099 


pounds 
+29750 


pounds 
+34000 


poimdfl 
+38250 


pounds 
+42500 


2 


B.E.F. 


1-099 


+31150 


+35600 


+40050 


+44600 


3 


B.E.F. 


1-099 


+32200 


+36800 


+41400 


+46000 


4 


B.E.F. 


1-099 


+33600 


+38400 


+43200 


+48000 


5 




1-5 


-21875 


-25000 


-28125 


-31260 


6 




1-5 


-19250 


-22000 


-24750 


-27500 


7 




6 


- 6125 


- 7000 


- 7875 


- 8750 


8 


O.E.F. 


20296 


+ 4988 or 
-19600 


+ 5700 or 
-22400 


+ 6412 or 
-26200 


+ 7126 or 
-28000 


9 


O.E.F. 


2-0296 


+ 1575 or 
-27388 


+ 1800 or 
-31300 


+ 2025 or 
-35212 


+ 2250 or 
-39126 


10 


O.E.F. 


•6761 


+ 2712 


+ 3100 


+ 3488 


+ 3876 


11 




20296 


- 7788 


- 8900 


-10012 


-11126 


12 


B.E.F. 


1-3672 


+ 8050 


+ 9200 


+ 10350 


+11500 


13 




1-5 


- 5775 


- 6600 


- 7425 


- 8260 


14 


O.E.F. 


104 


+ 4025 


+ 4600 


+ 5176 


+ 5760 


15 


B«E*F* 


31623 


+18550 


+21200 


+23850 


+26600 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

* + denotes oom|ire8sion. 

* — denotes tennon. 
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TOTAL STRESSES IN SPANS 70 TO 100 FT. 

iV-Or CENTRES— TYPE 4. 



SHEETED ROOFS. 




Sjitudinml 
tmbtr Is required to TVpM 
64'only ^ ^'^ 



Member 


Condition 

of 

Endfl 


Unit 
Length 


* Total BtresB 


70'-0' 
Span 


80'.0' 
Span 


90'.0' 
Span 


lOO'-O' 
Span 


1 


B*£j«f ■ 


1099 


pounds 
+20790 


pounds 
+23760 


pounds 
+26730 


pounds 
+29700 


8 


B.E.P. 


1-009 


+21910 


+26040 


+28170 


+31300 


3 


b«jb*f* 


1099 


+22760 


+26000 


+29260 


+32600 


4 


B.E.F. 


1-099 


+23870 


+27280 


+30690 


+34100 


6 




1-5 


-13660 


-16600 


-17660 


-19600 


6 




1-5 


-11900 


-13600 


-16300 


-17000 


7 




6 


- 6460 


- 6240 


- 7020 


- 7800 


8 


O.E.F. 


2-0296 


+ 1400 or 
-12040 


+ 1600 or 
-13760 


+ 1800 or 
-16480 


+ 2000 or 
-17200 


9 


O.B.F. 


2-0296 


+ 140 or 
-18270 


+ 160 or 
-20880 


+ 180 or 
-23490 


+ 200or 
-26100 


10 


O.E.F. 


•6761 


+ 2170 


+ 2480 


+ 2790 


+ 3100 


11 




20296 


- 6230 


- 7120 


- 8010 


- 8900 


12 


B*£*F* 


1-3672 


+ 6440 


+ 7360 


+ 8280 


+ 9200 


18 




1-5 


- 4620 


- 6280 


- 6940 


- 6600 


14 


O.E,F. 


1-04 


+ 3220 


+ 3680 


+ 4140 


+ 4600 


16 


B«E*F« 


3-1623 


+ 7910 


+ 9040 


+ 10170 


+11300 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by moltiplier equals length of member. 

* + denotes compression. 

* — denotes tension. 
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TOTAL STRESSES IN SPANS 70 TO 100 FT. 



IS'-C CENTRES— TYPE 4. 



SHEETED ROOFS. 




'Lonqitudinal Tie^ 

/Umbt JSrequirod to Types 
36 4'only. ^ '''^ 



Member 


Condition 

of 

Knds 


Unit 
Length 


70'-0' 
Span 


80'-0' 
Span 


OO'-O* 
Span 


lOO'-O* 
Span 


1 


B.E.F. 


1099 


pounds 
+25988 


pounda 
+29700 


pounds 
+33412 


pounds 
+37126 


2 


B.S.F. 


1-099 


+27388 


+31300 


+36212 


+39126 


3 


B.E.F* 


1-099 


+28438 


+32600 


+36662 


+40626 


4 


B.E.F 


1099 


+29838 


+34100 


+38362 


+42626 


6 




1-6 


-17063 


-19600 


-21937 


-24376 


6 




1-6 


-14876 


-17000 


-19126 


-21260 


7 




6 


- 6826 


- 7800 


- 8776 


- 9760 


8 


O.E.F. 


20296 


+ 1760 or 
-16060 


+ 2000 or 
-17200 


+ 2260 or 
-19360 


+ 2600 or 
-21600 





O.E.F. 


20296 


+ 176 or 
-22838 


+ 200 or 
-26100 


+ 226 or 
-29362 


+ 260 or 
-32626 


10 


O.E.F. 


•6761 


+ 2712 


+ 3100 


+ 3488 


+ 3876 


11 




20296 


- 7788 


- 8900 


-10012 


-11126 


12 


B.E.F. 


1-3672 


+ 8060 


+ 9200 


+10360 


+ 11600 


13 




1-6 


- 6775 


- 6600 


- 7426 


- 8260 


14 


O.E.F. 


104 


+ 4026 


+ 4600 


+ 6176 


+ 6760 


16 


B«E.F« 


31623 


+ 9888 


+ 11300 


+ 12712 


+ 14126 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tenmon. 
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42 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 

STANDARD SECTIONS FOR PRINCIPALS AND 

TRANSVERSE FRAMES. 

The sections recommended for the members of the principals and 
for the stays are given on sheets 2/15 to 2/18, and have been calculated 
to resist the tabtdated total stresses, the stress per square inch being 
limited to : — 

Allowable tensile stress : 7^ tons per square inch of net section. 

Allowable compressive stress : 6| tons per square inch of gross 
section reduced by the " Claxton Fidler " formula for struts to the 

allowable value for :^> the latter being generally limited to the ratio --r- . 

In calculating the sections of the rafters, the purlins have been 
assumed as situated directly over a strut. If this position is not 
adhered to, then flexural stress will be set up in addition to the direct 
compressive stress, and, as this condition frequently occurs in practice, 
alternative sections are given (in brackets), such sections being deter-^ 
mined on the assumption that a purlin may be situated at the centre 
of the spcua between two adjacent struts. 

To increase the utility of the standard stresses and sections, it is 
obvious that they should be adaptable to heights of sheds other than 
those given by the fixed ratio of height to span, i.e. 4:12, and this 
elasticity may to some extent be obtained as follows : — 

Type 2. — ^The effect on the principals of increasing the height is 
to reduce the stresses in certain members, the amount varying in 
accordance with the amount of wind force transmitted to the leeward 
stancheon — ^which amount must not exceed the tensile stress in the 
centre tie and thus eliminate the possibility of compressive stress in 
this member — ^therefore the tabulated stresses and sections may, 
without uneconomic use of material, be assumed as unchanged. 

If the height is decreased, then the reduction in the amount of 
wind force transmitted to the leeward stancheon should be added to 
the stresses in the bottom chord and the sections of the latter increased 
accordingly. 

Types 8 and 4. — ^The transverse frames for similar spans of Types 3 and 

4 vary only in relation to the distance (Hi) between the frame reaction 

point (RT) €utid the principal reaction point (R^) — ^the unit distance of 

the point R^ from the stay connection remains the same for each type. 

This unit distance Hi is 4 for Type 3 and 2*5 for Type 4, therefore : — 

Type 8. — ^For H^ of unit distance of from 4 to 2-6, use stresses and 
sections as given for Type 3. 

For H^ equal to unit distance of 2-5 or less, use stresses and sections 
as for Type 4. 

Type 4. — ^For H^ equal to unit distance of 2-5 or less, use stresses 
and sections as for Type 4. 

For H^ equal to unit distance of 2*6 to 4, use stresses and sections as 
given for Type 3. 
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STANDARD SECTIONS FOR SPANS 40 TO 70 FT. 



TYPE 2. 



SHEETED ROOFS. 




'^ Lon^itudinmJ fit 



i 

1 


40'-0' 
Span 


50'-0' 
Span 


Span 


Span 


[1 


2/2J'x2' xr JL 


2/3' X2' xr JL 


2/3' X2i'xi' JL 


2/3' x2i'xA' JL 


A 


(2/3* x2i'xrjL) 


(2/3' x2i'xA'JL) 


(2/3i'x2i'xA'JL) 


(2/3i*x3' XA' JL) 




2 


1/3' X2-' xJ'L 


1/3' X3' xJ'L 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 




3 


l/2l-'x2' xi'L 


1/2J'X2' xJ'L 


2/2i'x2' Xi' JL 


2/2J'x2' Xi' JL 


1 


4 


l/2i'x2' xi'L 


l/2i'x2' Xi'L 


1/3' X2' Xi'L 


1/3' X2' Xi'L 


5 


1/2* X J' Flat 


1/2' X J' Flat 


l/2i' xi'Flat 


1/2J' Xi'Flat 


6 


i/r x2' xj'L 


1/2' X2' xJ'L 


l/2i'x2l'xi'L 


l/2i'x2i'xi'L 


^ 


7 


1/2* x2' xi'L 


1/2' x2' xJ'L 


1/2' X2' Xi'L 


1/2' X2' Xi'L 




8 


l/2Kx2J-'xi'L 


l/2J'x2l'xl'L 


1/3' X3' Xi'L 


1/3' x3' xA'L 




1 


2/2J'x2' Xj' JL 


2/3' X2' Xi' JL 


2/3' x2i'xA' JL 


2/3' X2J'XA' JL 




X 


(2/3* x2i'xrjL) 


(2/3' X21'XA' JL) 


(2/3i'x3' XA' JL) 


(2/4' X3' XA' JL) 




2 


1/3' X2' xi'L 


1/3' x3' Xi'L 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


1 


3 


1/21'X2' Xi'L 


1/3' X2' Xi'L 


2/2i'x2' Xi' JL 


2/2J'x2' Xi'JL 


4 


l/2J'x2' xi'L 


1/3' X2' Xi'L 


l/3i'x2' Xi'L 


l/3i'x2i'xi'L 


5 


1/2* Xi'Flat 


1/2' xi'Flat 


l/2J'xi'FUt 


l/2i' Xi'Flat 




6 


1/2' X2' xi'L 


1/2' x2' Xi'L 


l/2i'x2i'xi'L 


l/2J'x2i'xi'L 




7 


1/2* X2' xi'L 


1/2' X2' Xi'L 


1/2' X2' Xi'L 


1/2' X2' Xi'L 




8 


l/2J'x2i''xi'L 


l/2i'x2J'xi'L 


1/3' x3' Xi'L 


1/3' x3' xA'L 
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SectioDB in brackets for Member " 1 " allow for flezoial stress due to purlin in addition to 
principal" stress. 
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STANDARD SECTIONS FOR SPANS 40 TO 70 FT, 



TYPES 8 AND 4. 



SHEETED ROOFS. 




"^ Lon^itudinrnJI ne 



1 


40'-(r 
Span 


50'-0' 
Span 


60'-0' 
Span 


Span 


i 


1 


2/2J'x2''xJ^ JL 


2/3' X2' Xi'JL 


2/3' X 21' Xi'JL 


2/3i'x2i' XA'JL 




A 


(2/3'x2rxA'JL) 


(2/3i'x2i'xA'JL) 


(2/3i'x3' XA'JL) 


(2/4' X3' XA'JL) 




2 


1/3' X2' xi'L 


1/3' X3' Xi'L 


2/2J'x2' Xi'JL 


2/2J'x2' Xi'JL 




3 


1/3' x2' xrL 


1/3' x3' xi'L 


2/2J'x2' Xi'JL 


2/2i'x2' Xi'JL 


i 

X 


4 


1/3" x3' xi'L 


2/2i'x2' Xi'JL 


2/2J'x2' Xi'JL 


2/3' X2' Xi'JL 


5 


1/2' xi'FIat 


1/2' xi'Flat 


1/2J' xi'Flat 


1/2J' Xi'Flat 


6 


1/2' X2' xJ'L 


1/2' x2' Xi'L 


l/2i'x2i'xi'L 


l/2i'x2J'xi'L 


o 
X* 


7 


1/2' x2' xi'L 


1/2^ x2' xi'L 


1/2* x2' xi'L 


1/2' x2' Xi'L 




8 


l/2J'x2J'xi'L 


l/2J'x2J'xi'L 


1/3' x3' Xi'L 


1/3' x3' xA'L 




9 


2/2i'x2' Xi'JL 


2/3' X2' Xi'JL 


2/3' X3' Xi'-4- 


2/3' x3' Xi'-lp 




1 


2/2J'x2' Xj'JL 


2/3' X2' Xi'JL 


2/3' x2i'xA' JL 


2/3i'x3' XA'JL 




1 


(2/3'x2i'xA'JL) 


(2/3i'x2i'xA'JL) 


(2/3i'x3' XA'JL) 


(2/4' X3' XA'JL) 




2 


1/3' X2' xJ'L 


1/3' x3' xi'L 


2/2i'x2' Xi'JL 


2/2J'x2' Xi'JL 




3 


1/3' X2' xi'L 


1/3' x3' xi'L 


2/2i'x2' Xi'JL 


2/2i'x2' Xi' JLI 


J 


4 


1/3' x3' xi'L 


2/2i'x2' Xi'JL 


2/2i'x2' Xi'JL 


2/3' X2' Xi'JL 


5 


1/2' xi'Flait 


1/2' xi'Flat 


l/2i' Xi'Flat 


l/2i'xi'Flftt 


6 


1/r x2' xi'L 


1/2' X2' Xi'L 


l/2i'x2i'xi'L 


l/2i'x2J'xi'L 




7 


1/2' x2' xi'L 


1/2' X2' Xi'L 


1/2' x2' Xi'L 


1/2' X2' Xi'L 




8 


l/2J'x2i'Xi'L 


1/3' X3' xi'L 


1/3' x3' xA'L 


1/3' x3' xA'L 




9 


2/3' X2' Xi'JL 


2/3' X2l'xi'-'p 


2/3' X3' Xi'-Jp 


2/3' x3' xA'-^p 
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Sections in braoketB for Member " 1 ** allow for fleznral strees due to purlin in addition to 
principal " etress. 
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STANDARD SECTIONS FOR SPANS 70 TO 100 FT. 



TYPE % 



SHEETED ROOFS. 




1 

1 


70'-0' 
Span 


SO'-O' 
Span 


90'-0' 
Span 


lOO'-O' 
Span 


1 


2/3' x2i'xJ'JL 


2/3i'x2J' Xi'JL 


2/3i'x2i'xVJL 


(2/31' X 21' XA'JL) 


X 


(2/3rx2J'xA'JL) 


(2/3^x21' Xi'JL) 


(2/4' X3' XA'JL) 


(2/4' X3' XA'JL) 




2 


2/2i'x2' xi'JL 


2/2i'x2' Xj'JL 


2/2J'x2' Xi'JL 


2/21'x2' Xi'JL 




3 


2/2J'x2' Xi* JL 


2/2i'x2' Xj' JL 


2/2i'x2' Xi'JL 


2/21'x2' Xi'JL 


• 

1 


4 


2/21' X 2' Xj' JL 


2/2i'x2' Xi'JL 


2/2i'x2' Xi'JL 


2/21' X 2' Xi'JL 

« * 


s 


5 


1/21* X 2' xi'L 


i/2i'x2' Xi'L 


l/2i'x2' Xi'L 


1/21' X 2' Xi'L 




6 


1/3' X3' xl'L 


1/3' x3' xA'L 


2/21' X 2' Xi'JL 


2/21' X 2' -Xi'JL 


04 


7 


l/2J'x2' Xi'L 


l/2i'x2' Xi'L 


1/21' X 2' Xi'L 


1/21' X 2' Xi'L 




8 


1/3' X3' Xj'L 


i/3i'x3i'xA'L 


2/3' X2' Xi'JL 


2/3' X2' Xi'JL 




1 


2/3' X2J'XA'JL 


2/3i'x2i'xA'JL 


2/31' X 21' XI'JL 


2/31' X 21' XI'JL 




A 


(2/3l'x3'xA'JL) 


(2/4' X3' XA'JL) 


(2/4' X3' XI'JL) 


(2/4' X3' XI'JL) 




2 


2/21' X 2' Xi'JL 


2/2i'x2' Xi'JL 


2/3' X2' Xi'JL 


2/3' X2' Xi'JL 




3 


2/2i'x2' Xj' JL 


2/2i'x2' Xi'JL 


2/21' X 2' Xi'JL 


2/21'x2' Xi'JL 


1 


4 


2/2l'x2' XJ' JL 


2/2i'x2' Xi'JL 


2/21' X 2' Xi'JL 


2/3' X2' Xi'JL 




5 


l/2i'x2' Xi'JL 


1/21' X 2' Xi'L 


1/21' X 2' Xi'L 


1/21' X 2' Xi'L 


o 

1 


6 


1/3' X3' Xj'JL 


1/3' x3' xA'L 


2/21'x2' Xi'JL 


2/21' X 2' Xi'JL 


lO 


7 


l/21'x2' xJ'JL 


l/2i'x2' Xi'L 


1/21' X 2' Xi'L 


1/21' X 2' Xi'L 




8 


1/3' x3' xA'JL 


i/3i'x3i'xA'L 


2/3' X2' Xi'JL 


2/3' X 21' Xi'JL 





Sectionn in brackets for Member " 1 " allow for fiezural streBS due to 
'* principal " streaB. 
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STANDARD SECTIONS FOR SPANS 70 TO 100 FT. 



TYPES S AND 4. 



SHEETED ROOFS. 




T^xHtflat suspend tr 



1 

1 


70'-0' 
Span 


80'-0' 
Span 


90'-0' 
Span 


lOO'-O' 
Span 


1 


2/3' X2j'xr JL 


2/3i'x2l'xA'JL 


2/3i'x2i' XA'JL 


2/4' X3' XA'JL 


(2/3j'x2rxA'JL) 


(2/4' X3' XA'JL) 


(2/6' X3' XA'JL) 


(2/6' X3' XA'JL) 




2 


2/2J'x2' xr JL 


2/2i'x2' Xi'JL 


2/3' X2' Xi'JL 


2/3' X2' Xi'JL 




3 


2/2J'x2' xr JL 


2/2i'x2' Xi'JL 


2/2i'x2' Xi'JL 


2/2i'x2' Xi'JL 


• 

1 


4 


2/3' x2i'xfJL 


2/3i'x2i' Xi'JL 


2/3i'x2i' XA'JL 


2/4' X3' XA'JL 


5 


1/21' X 2' xl'L 


1/2J'X2' Xi'L 


l/2i'x2' Xi'L 


l/2i'x2' xi'L 


6 


1/3' x3' xi'L 


1/3' x3' XA'L 


2/2i'x2' Xi'JL 


2/2i'x2' Xi'JL 


ill 


7 


1/2J'X2' Xi'L 


l/2i'x2' Xi'L 


l/2i'x2' xi'L 


l/2i'x2' Xi'L 




8 


1/3' x3' xi'L 


l/3i'x3i'xA'L 


2/3' X2' Xi'JL 


2/3' X2' Xi'JL 







2/3' X3' xJ'-iL- 


2/3i'x3i'xA'-]'- 


2/3i'x3i'xA'-|'- 


2/4' X4' XA'-i'- 




1 


2/3* x2J'xA'JL 


2/3i'x2i' XA'JL 


2/3i'x2J'x|' JL 


2/4' X3' Xf JL 




i 


(2/3rx2i'xrjL) 


(2/5' X3' XA'JL) 


(2/6' X3' XA'JL) 


(2/6' x3' Xi'JL) 




2 


2/3' X2' Xj'JL 


2/3' X2' Xi'JL 


2/3* X2' XA'JL 


2/3' X2' XA'JL 




3 


2/2J'x2' Xi'JL 


2/2J'x2' Xi'JL 


2/2i'x2' Xi'JL 


2/2i'x2' Xi'JL 


• 

V 
V 


4 


2/3' X2J'XJ'JL 


2/3i'x2i' Xi'JL 


2/3i'X 21' XA'JL 


2/4' x3' xA' JL 


5 


l/2i'x2' XJ'L 


l/2i'x2' Xi'L 


1/21' X 2' Xi'L 


1/2J'X2' xi'L 


6 


1/3' X3' xJ'L 


1/3' x3' XA'L 


2/2i'x2' Xi'JL 


2/2J'x2' Xi'JL 




7 


1/2J'X2^ Xi'L 


l/2i'x2' Xi'L 


l/2i'x2' Xi'L 


1/2J'X2' xi'L 




8 


1/3' x3' xA'L 


l/3i'x3l'xA'L 


2/3' X2' Xi'JL 


2/3' X2i' Xi'JL 




9 


2/3' x3' xA'-,!- 


2/3i'x3i'xA'-|'- 


2/3J'x3i'x|'-,'- 


2/4' X4' X|'-^'- 
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Sections in brackets for Member ** 1 " allow for flextiral stress due to purlin in addition to 
" principal " stress. 
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STANDARD SECTIONS FOR SIDE STANCHEONS. 

Type 2. — ^The maximum bending moment occm*8 at the gromid- 
level, the unit amount — ignoring effect of vertical load — ^being found 
as follows : — 

Vertical load W2 =128-475l, .^ .^. „ ,^ , ,, 

J ^ 148-475 lbs. (total). 

HN = 24-627 lbs. 

Leverage of HN = 4'-0^ 

Proportion of HPS == 20 lbs. 

Leverage of HpS == 4'-0*'. 

BM=(HN+HPS) X 4'.0*'=(24-627+20) x 48*'=2142-1 inch-lbs. 

Type 8. — ^The maximum bending moment occurs at the connection 
of the stay to the stancheon, the unit amount — ignoring effect of 
vertical load — ^being found as follows : — 

Vertical load = 134-93 lbs. 

Horizontal reaction at foot= 49-627 lbs. 
Leverage of do. = 3'-0*'. 

BM=49-627x36''=I786-57 inch-lbs. 



Type 4. — ^The maximum bending moment will be assumed as 
situated at the ground-level, and the unit amount — ignoring effect of 
vertical load — may be found as follows : — 

Vertical load=132-94 lbs. 

Horizontal reaction at point of contraflexure=42-127. 

Leverage of do. = li ft. 

Side wind on portion below point of contraflexure= 1^ x 20=30 lbs. 

Leverage of do. =-75 feet. 

BM=(42-127 X 18*')+(30 X 9*')=758-286+270=1028-286 inch-lbs. 

The actual vertical load for the stancheons may be obtained by the 

Q 

formula "USxr-^xD " ; therefore the multipliers will be similar to 
those used for the principals. With regard to the multipliers for the 

Q 

unit bending moment, owing to the ratio --^ in the above formula 

applying to the leverage as well as to the amoimt of the horizontal 
force which sets up bending action, this formula will be : — 

S = US X f — I X D, and the various values are tabulated here- 



after. 



(nT-- 
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:%^t^ 



span 


Height 


(«)'"'> 


equals for 






12'-O'oentra0 


16'-0'oeatr«s 


40'-0' 


13' 4' 


133-33 


166-66 


W-O* 


16'-8' 


208-33 


260*4 


eo'-(r 


SC-O* 


300 


376 


TO'-O* 


28'-4' 


408-33 


610-4 


SO'-O*^ 


26'-8' 


633-33 


666-66 


90'.0' 


30'-0* 


675 


843-76 


lOO'-O* 


33'-4' 


833-33 


1041-66 



The total stresses and the sections recommended for use are 
tabtdated hereafter, and the calculations have been made in accordance 
with the assumption that the safe crippling stress may be taken as 
equal to that for a strut fixed at each end, and the radius of gyration 
taken about an axis in a direction parallel to the flanges, the safe 
crippling stress per square inch — 6^ tons — ^being reduced by the 
^^ Claxton Fidler " formula for struts to the allowable value for the 

ratio ^ . This assumption necessitates the location of the side rails 
JbC 

relative to the stancheons in such a manner as to stiffen the stancheon 

in the direction of the least radius of gyration. 

To increase the utility of the standard stresses and sections, they 
should be adaptable for sheds of heights other than those fixed. This 
elasticity may be obtained somewhat as follows : — 

Type 2. — ^The vertical load being of minor importance, the variable 
effect may be ignored and the section for any height may be approxi- 
mated as follows : — 

By reference to foregoing data : — 

Effect of span=56% BM\ . x j j i. • ,.x 
„ „ height=46%BM/ ^^^ «*^dard height. 

If S =span of shed in question, 

S^^span of shed used as basis. 

BM=bending moment for stancheon (of similar height) used as 
basis. 

M=required BM for stancheon in question. 



Then M=r45%+(560/Qx|j)l BM. 



» 



I 
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Bzampto. — ^Determine section of stancheon for 60^-0"^ span shed. 
Type 2, 30'-0'' high, 12'-0'' centres. 

M=r45%+(56%x^)l BM=81-66BM 

=81-66 X 1,445,917=1,184,832 inch-lbs. 

.-. use 16'' X 6'' X 62 lbs. RSJ as per tabulated list of 

stancheons. 

Type 8. — If the height (H^) to span is 4 : 12 (standard ratio for 
Type 3), use tabulated section for Tj^e 3. 

If the height (H^) to span is 2*5 : 12 (standard ratio for Type 4), 
use tabulated section for Tjrpe 4. 

Stancheons for H^ between 2*5 and 4 may be determined by 
comparison of the sections for these ratios. 

Type 4. — ^If the height (H^) to span is 2*6 : 12 (standard ratio 
for Type 4), use tabulated section for Type 4. 

If the height (H^) to span is 4 : 12 (standard ratio for Type 3), 
use tabulated section for Type 3. 

Other ratios between 2*5 and 4 may be dealt with by comparison, 
as before described. 



E 
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STANDABD SECTIONS FOR SffiE STANCHEONS. 



TYPE 2. 



SHEETED ROOFS. 




wim 



Typb 2 








Stakghxons 12'-0'' Cxmtrxs 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Seotioii 
Required 


V.L. 


B.M. 


4Xy.(y 


18'.4* 


lbs. 
148-475 


inch-lbe. 
2142-1 


40 


133 


lbs. 
5930 


inch-lbs. 
284899 


lbs. 
8'x5'x28 


50'.0' 


16'.8' 


»» 


ft 


50 


208 


7424 


445557 


12-^x5^x32 


eo'-o* 


20'.0' 


»» 


»f 


60 


300 


8908 


642630 


12'X6'X44 


70'-(r 


23'-4' 


f» 


f» 


70 


408 


10393 


873977 


12'X6'X54 


80'-a' 


26'.8-' 


f» 


»» 


80 


533 


11878 


1141739 


16-'X6*'X62 


90'.0-' 


30'.0' 


»» 


»» 


90 


675 


13363 


1445917 


18'X7'X75 


lOO'-O' 


33'-4' 


»» 


f> 


100 


833 


14847 


1784369 


20' X 7^x89 


Ty 


PB 2 








Stak< 


CTHEONS 1 


5'.0' CmTTB 


as 


40'.0-' 


13'-4-' 


»» 


» 


50 


167 


7424 


357731 


10* X 5^x30 


50'-0' 


16'-8' 


»» 


»» 


62-5 


260 


9280 


556946 


12-'x5'x39 


eo'-o* 


20'-(r 


»» 


»» 


75 


375 


11136 


803288 


14-'x6'x46 


70'-a' 


23'-4' 


»» 


»» 


87-5 


510 


12992 


1092471 


15*'X6'X59 


ao'-c 


26'.8' 


ra 


»» 


100 


667 


14848 


1428781 


18'x7'x75 


W'if 


so'-a* 


99 


t» 


112-5 


844 


16704 


1807932 


20' X 74' X 89 


lOC-O* 


33'-4' 


»f 


If 


125 


1042 


18560 


2232068 


20'x7J'x89 

- . , . 
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STANDARD SECTIONS FOR SIDE STANCHEONS. 



TYPE 8. 



SHEETED ROOFS. 




Type 3 



Stakghbons 12'-0' Centbbs 



Span of 
Shed 



Height 
of Shed 



Unit vert, 
load 



Unit 
B.M. 



Multipliers 



V.L. 



B.M. 



Total 
V.L. 



Total 
B.M. 



I Section 
Required 



90'-0' 
KKr-O* 



13'-4' 

16'-8' 

23'-4' 
26'-8' 
3(r-0' 
33'-4' 



lbs. 
134-93 



inoh-lbs. 
1786-57 



f» 



»» 



»» 



»» 



»» 



»f 



t9 



»» 



»» 



»» 



•» 



»» 



40 


133 


lbs. 
5397 


50 


208 


6747 


60 


300 


8096 


70 


408 


9445 


80 


533 


10795 


00 


675 


12144 


100 


833 


13493 



inoh-lbs. 
237614 

371606 

535971 

728920 

952242 

1205935 

1488213 



lbs. 
9'X4'X21 

10' X 5' X 30 

12*x5'x39 

14' X 6' X 46 

14'x6'x57 

16'x6*'x62 

18'x7'x75 



Type 3 



8TAKGHXON8 15'-0' CXHTBBS 



40'.0' 


13'-4'' 


W'(r 


16'.8' 


W'(r 


20'-0' 


W'(r 


23'-4' 


SO'-O* 


26'-8' 


OO'-O' 


30^-0* 


lOO'-O* 


33'-4' 



>» 



>f 



t» 



>» 



>» 



tf 



>» 



»» 



>» 



»» 



$9 



»» 



»f 



9t 



50 


167 


6747 


62-5 


260 


8433 


75 


375 


10120 


87-5 


510 


11806 


100 


667 


13493 


112-5 


844 


15180 


125 


1042 


16866 



208357 
464508 
669964 



911160 
1191642 
1507865 
1861605 



8'x5'x28 
12* X 5' X 32 
12'X6'X44 
14-'X6'X57 
16*'x6'x62 
18'x7'x75 
20* X 7i' X 89 
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STANDARD SECTIONS FOR SIDE STANCHEONS. 



TYPE 4. 



SHEETED ROOFS. 




Ttpb 4 






Stanohbons 12'-0' Csntbbs 




Span of 
Shed 


Height 
of shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0' 


13'-4-' 


lbs. 
132*94 


inoh-lbs. 
1028*28 


40 


133 


lbs. 
6318 


inoh-lbs. 
136761 


lbs. 
8'X4'X18 


50'-0' 


16'-8' 


f* 


»» 


60 


208 


6647 


213882 


9'x4'x21 


60'-0' 


20'-0' 


»f 


M 


60 


300 


7976 


308484 


8-'x6'x28 


70'-0-' 


23'-4-' 


»» 


99 


70 


408 


9306 


419638 


12-'x6'x32 


80'-0'' 


26'-8^ 


»f 


»» 


80 


633 


10636 


648073 


12'x6-'x39 


90'-0' 


30'-0'' 


»» 


99 


90 


676 


11966 


694089 


12'x6*'x44 


lOO'-O* 


33'.4' 


f* 


f» 


100 


833 


13294 


866667 


12'x6'x64 


Tyi 


>B 4 






Stakchec 


>N8 16'-0' 


' Cbntbes 




40'-0'' 


13'-4' 


tf 


»» 


60 


167 


6647 


171723 


9'x4'x21 


60'-0' 


16'-8' 


f> 


f» 


62-6 


260 


8308 


267363 


8'x6'x28 


60'.0' 


20'-(r 


»» 


>» 


76 


376 


9971 


386606 


10'x6''x30 


lO'-O' 


23'.4' 


f» 


»» 


87*6 


610 


11633 


624423 


12'x6'x39 


80'-0' 


26'-8' 


ft 


f» 


100 


667 


13294 


686863 


12'x6'x44 


90'-0' 


SO'-O' 


» 


» 


112-6 


844 


14966 


867868 


12* X 6^x64 


lOO'-O' 


33'-4' 


»» 


»f 


126 


1042 


16618 


1071468 


16' X 6' X 69 
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STANDARD SECTIONS FOR SIDE RAILS. 

The forces acting on the side rails are those due to wind, to the 
weight of the side covering, and to the weight of the rail, the amounts 
being as follows : — 

Wind : 20 lbs. per sup. ft. 

Covering : 3 „ „ 

Rail : 5 to 11 lbs. per lin. ft. according to the span. 

Assuming a constant spacing of 6^-6"^, then the above forces per 
foot run are : — 

Wind: 6'-6''x20 lbs.=130 lbs. 
Covering: 6'-6*'x 3 „ =19-5 „ 
Rail: 5 to 11 lbs. 

Calculations for rail 12^-0'^ span. 

BM due to wind=^= ^^^^ ^,^^^** =28,080 inch-lbs. 

MR=BM«28,080 inch-lbs. 

MS :=MR-^F, and as F=22,400 lbs., then 

22,400 

Nearest British standard joist section is i'^xlf'^'xd lbs. with a 
maximum MS=1*83. 

.'. actual stress =-=-^^^-=16,344 lbs. per sq. inch. 

Assuming the 4'^x l}"^ I rail is supported at its centre by means 
of a sag rod, then the stress due to the vertical load may be found as 
follows : — 

Weight of side sheeting=19-6 x 6'-0''=117 lbs. 
„ „ rail = 6 x6'-0*'=_30 „ 

147 „ 
BM=^=i^^y^=1323 inch-lbs. 



Minimum MS=*22. 

1323 
Stress per sq. inch =-^^=6013 lbs. 

Total stress per sq. inch=15,344+6013=21,367 lbs., which is within 
the safe limits of stress. 

Calculations for rail IS'-O*' span : — 

T^HIf A * -J WL 130X15X180 .oO'TK- 1.1U« 

BM due to wmd==-3-= =43,876 mch-lbs. 

-^- 43,875 
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Assuming a 4f'xlf"x6| lbs. RSJ as suitable, then maximum 
MS=2-86 and 

actual stress =-7^5^-==: 15,394 lbs. per sq. inch. 

Weight due to vertical load equals : — 

Weight of side 8heeting= 19-5 x 7-5= 146-26 lbs. 
„ „ rail « 6*5 X 7-5== 48-76 „ 



196 „ 

TjT^ WL 195x90 ^.^.. ,„ 
BM=-5-= r — =2194 mch-lbs. 

Minimum MS =-3. 

2194 
Stress per sq. inch =—^=7313 lbs. 

Total stress per sq. inch=:16,394+7313=22,707 lbs., therefore the 
42'^X l}'' BSJ is suitable. 

CALCULATIONS FOR RAIL 16'.8" SPAN. 

^TUTA 4. - ^ WL 130x16-66x200 «-,^^. ,„ 
BM due to wmd=— Q-= 5 =64,166 mch-lbs. 

o o 

64,166^ 
22,400 

Assuming a 5"^ x 3"^ x 1 1 lbs. RSJ as suitable, then 
Maximum 1^=6-4 and 

Actual 8tress=—^^j-= 10,030 lbs. per sq. inch. 

Weight due to vertical load equals : — 
Weight of side sheeting=19-6 x 8-33=162-6 lbs. 
„ rail =11 x8-33 = 91-6 „ 

264-1 „ 

^,, WL 254x100 ^,„^. , „ 
BM=-Q-= 5 =3176 mch-lbs. 

Minimum MS =-975. 

Stress per sq. inch=-^g=^=3256 lbs. 

Total stress per sq. inch=10,030+3256=13,286 lbs. 

Although the actual stress is much less than the allowable stress, 
the section is the nearest suitable standard section, and will therefore 
be used. 
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STANDARD SECTIONS FOR ROOF PURLINS. 

The forces acting on the purlins are those due to wind, to the weight 
of the purlins^ and to the weight of the covering, the amounts being as 
follows : — 

Wind : Normal pressure=18 lbs. per sup. ft. 
Covering : 3 lbs. per sup. ft. 
Purlin : 5 to 6| lbs. per ft. run. 

These forces and also the effect being slightly less thcua those for 
the rails, the sections adopted for the latter may be used here, i.e. : — 
^'' X If*' X 6 lbs. RSJ purlins for spans up to 12'-0''. 
4i'xirx6i„ „ „ „ 12'-0^ to I5'-0^ 

Bnd Framing. — ^The determination of the stresses in the various 
members is somewhat complex, consequently it is not practicable, 
nor is it necessary, to standardize the stresses as for the other portions 
of the shed framework. By making certain approximations, however, 
as described in detail previously at page 14 eJt seq.^ it is possible to 
arrive at suitable sections which are tabulated on sheets 2/22 and 
2/23 for 40 to 60 ft. spans, and on sheets 2/24 and 2/25 for 70 to 
100 ft. spans. 

For purposes of economy, etc., it is advisable— for 70 to 100 ft. 
spans — ^to provide a wind ^rder between the gable and the first 
principal or transverse frame, in the plane of the bottom chord. The 
tensile stress in that flange of the wind girder coincident with the 
bottom chord of the principal, supplements that in the latter member, 
and, as the two stresses have been allowed for in calculating the section 
of the girder flange, the latter will act dually as the girder flange and 
as the bottom chord of the principal. 

By utilizing the purlins and rails to resist — ^in addition to the 
bendmg stresses — ^the compressive stresses in the struts, the latter 
members may, of course, be dispensed with, if desired. 

Owing to the great length of the braces, especially for the longer 
spans, they should be suitably connected to the adjacent purlins and 
rails. 

Foundatioiui. — ^The sizes of side and gable concrete foundations 
for the various types and spans are given on sheet 2/27, page 61, 
and have been calculated in the case of Types 2 and 4 for a safe 
earth pressure of 3 tons per sq. ft., and for Type 3 of 1 ton per sq. ft. 

The safe pressure adopted for Types 2 and 4, i.e. 3 tons per sq. ft., 
is a fairly high value, especially as on the leeward side the maximum 
pressure occurs at the surface of the ground, cutid unless the earth is 
very compact and solid, or is aided by a floor of concrete or other rigid 
substance, the resistance offered may be insufficient to properly fix 
the stancheon, and these types should then for economy and efficiency 
be superseded by Type 3, or in the case of Type 4 only the base may 
be considered as partially fixed, and the stancheon and foimdation 
designed accordingly. 
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GABLE FRAMES AND BRACINGS 

TO SUIT PRINCIPALS 12 FT. CENTRES. 

SECTIONS FOR 40 FT. TO 60 FT. SPAN. 



SHEETED ROOFS. 





Front Elevation. 
Cable Fram* 



Side Elevation. 



S^ 


y^ h-tni 




y 


1 









Plan. 

NoxB.— Rails and purlins to be spcuied not greater than 6'-6' apart. Sections as 
loUow8:-Up to 12'-0' span, rxll'xS lbs.!; 12'-6' to 16'-0' spans, 4i'xlf'x6i 
lbs. I. 



Mbmbbb 


40'-0' Span 


SO'-O" Span 


eo'-O* Span 


Upright XJ 


9' X4' x211b8. I 


lO* X6' x301b8. I 


12' x6' x321b8, I 


»> 


U^ 


10' X 6' X 30 lbs. I 


12' X 6' X 32 lbs. I 


12' x6' X441b8. I 


Baiter 


B 


1/4* X 2^n 


l/6rx2'n 


1/6' X2j'n 


Strut 


S^ 


2/3* X2'' xi'JL 


2/3* X2'' xi'JL 


2/3' x2l'xi'JL 


»> 


s2 


2/3* X2' xrjL 


2IZ' x2' xi'JL 


2/3' X2' Xi'JL 


»> 


s3 


2/3' X2'' Xi'JL 


2/3' X2' Xi'JL 


2/3' X2' Xi'JL 


>» 


s* 


l/2J''x2J'xi'L 


l/2l'x2l'xrL 


1/3' x3' xi'L 


Brace 


B^ 


1/2J''X2' xi'L 


1/3' x2' xi'L 


1/3' x3' xi'L 


» 


b2 


1/2J''X2' xrL 


1/3' X2' xi'L 


1/3' x2' xi'L 


»» 


b3 


l/3i'xi'FUt 


l/3i'xA'Flat 


l/3J'xt'FIat 
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SECTIONS FOR 40 FT. TO 60 FT. SPAN 

GABLE FRAMES AND BRACINGS 
TO SUIT PRINCIPALS 15 FT. CENTRES. 



SHEETED ROOFS. 





Tront Elevation. 
Cable Framt 



Side Elevation. 



"N^ib 






y 


^ 










"N^-^ 


\ ^y 




<5 


x^ 








Prin 


cipal 





Plan. 

NoTB.— Raak and purlins to be spaced not greater than 6'-6' apart. Sections as 
loUows :-Up to 12'-0' span, 4'x 1^X6 lbs.I; 12'.6'' to \h'-V spans, 4f'x 1^x6^ 
lbs. I. 



M-aiif-RTeTt 


40'-0' Span 


SO'-O* Span 


eo'-cr Span 


Upright U 


9'x4'x211bs. I 


10'x6'x301b8. I 


12* X 5' X 32 lbs. I 


»» 


U^ 


10^ X 5" X 30 lbs. I 


12'x5'x321be. I 


12''x6'x441be. I 


Rafter 


R 


1/4" X2'n 


l/6'x2t'n 


l/6''x2JTI 


Strut 


S^ 


2/3rx2J-'xi''JL 


2/3i'x2|'xi' JL 


2/3l'x2J'xr JL 


» 


S2 


2/3rx2rxr JL 


2/3i' X 21' X Y JL 


2/3J''x2J'xrjL 


f> 


s3 


2/3rx2i''xi' JL 


2/3 J" X %Y X Y JL 


2/3rx2l'xrjL 


»» 


8* 


l/2J''x2J'xrL 


l/2J'x2J''xi'L 


1/3*' x3* xi'L 


Brace 


rI 


l/2J'x2' xi'L 


1/3' x2* xrL 


1/3' X3'' xi'L 


» 


r2 


1/21^x2" Xi'L 


1/3" X2' Xi'L 


1/3" x2' xi'L 


>» 


B^ 


1/31* xr Flat 


l/3rxA'Flat 


l/3rxJ"Flat 



Sheet 2/23 
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SECTIONS FOR 70'-0' TO lOO'-O' SPAN GABLE 
FRAMES AND BRACINGS TO SUIT PRINCIPALS 

12-0' CENTRES. 



For outline diagram aee Sheet 2/26, page 60. 



SHEETED ROOFS. 



Member 


70'-0' Span 


80'-0' Span 


90'-0' Span 


lOO'-O' Span 


Upright U 


10'' X 6" X 30 lbs. I 


12'x6'x321bfl. I 


14' X 6' X 46 lbs. I 


14' X 6' X 67 lbs. I 


»i 


U^ 


7''x4'xl6Ibfl. I 


7'x4'xl61be. I 


8'x4'xl81bB. I 


9'x4'x211b8. I 


99 


u2 


9'x4'x211bB. I 


9'x4'x211bB. I 


10'x6'x30lbe. I 


10'x6'x301bfl. I 


Brace 


B^ 


l/4''x4''xrL 


1/4'X4'XA'L 


l/4''x4'xJ'L 


l/6'x4'xt''L 


Strut 


S2 


2/3t'x2J'xi'JLS 


2/3rx3j'xA'JLS 


2/3J'x3'xA'JLS 


2/4' X 3' X A' JLS 


i» 


S^ 


2/4'x3'xr JLS 


2/6'x3'xr JLS 


2/6'x4'xr JLS 


2/6' X 4' X J' JLS 


*> 


S* 


i/rxz'xi'i_ 


i/3'x3'xA'L 


i/3j'x3i'xA'L 


l/4'x4'xi'L 


Rafter 


R 


7'x3'xl7JlbB.n 


7'x3'xl7Jlb8.n 


9'x3'xl9Jlbe.n 


9'x3'xl9tlbB.n 


Strut 


S 


2/3'x2'xi' JLS 


2/3'x2'xi' JLS 


2/4'x2'xi' JLS 


2/4'x2'xi' JLS 


»» 


S^ 


2/3* X 2* X i' JLS 


2/3'x2'xi'JLS 


2/4'x2'xrjLS 


2/4' X 2* X i' JLS 


Brace 


b1 


l/3'x3'xi''L 


i/3'x3'xA'L 


1/4'X3'XA'L 


1/5'X3'XA'L 


» 


b2 


l/3''x3''xi''L 


i/3'x3'xA'L 


1/4'X3'XA'L 


i/5'x3'xA'L 


99 


t1 


i/4''x3''xA'L 


i/4'x3'xA'L 


l/4l'x3'xA'L 


1/5'X3'XA'L 


Strut 


S« 


2/5'x3'xA'JLS 


2/6' X 3* X 1' JLS 


2/5''x3l'xrjLS 


2/6' X 4' X 1' JLS 


>* 


S« 


2/3''x2'xi' JLS 


2/3* X 2' X i* JLS 


2/3'x2'xi' JLS 


2/3J'x2'xi'JLS 


» 


S^ 


2/3''x2J''xA'JLS 


2/3^" X 3' X A" JLS 


2/4' X 3' X A' JLS 


2/6' X 3' X A' JLS 


Flange 


F 


2/4''x3''xr JLS 


2/6'*X 3' X r JLS 


2/6'x4'x|' JLS 


2/6'x4'xi'JLS 


» 


F^ 


2/3' X 21' X A' JLS 


2/3t'x2j'xA'JLS 


2/4' X 3' X A' JLS 


2/6'x8'X|'JLS 



Shbbt 2/24 



THE STANDARDIZING OF SHED-MEMBERS 



69 



SECTIONS FOR 70' -0* TO lOO'-O' SPAN GABLE 
FRAMES AND BRACINGS TO SUIT PRINCIPALS 

16-0' CENTRES. 



For outline diagram see Sheet 2/26, page 60. 



SHEETED ROOFS. 



Mbmbeb 


70'-0' Span 


80'-0' Span 


90'-0' Span 


lOO'-O' Span 


Upright U 


lO^xS^xSOlbB. I 


12' X 6' X 32 lbs. I 


14'x6'x461bB. I 


14'x6'x671bB. I 


f> 


U^ 


7''x4''xl61b8. I 


7'x4'xl61b8. I 


8'x4'xl81bfl. I 


9'x4'x211bB. I 


»» 


U2 


9''x4''x211be. I 


9'x4'x211bB. I 


10' X 6' X 30 Ibfl. I 


10'x6'x30IbB. I 


Brace 


B^ 


l/VxiTxri^ 


1/4'X4'XA'L 


1/4'X4'XKL 


l/6'x4'xi'L 


Strut 


s2 


2/3Jx2J''xA'JLS 


2/3J'x3'XA'JLS 


2/4'x3'xA'JLS 


2/6'x3'xA' H 8 


f» 


S^ 


2/4'x3''xr JLS 


2/6'x3'xr II S 


2/6'x4'x|' JLS 


2/6' X 4' X J' JLS 


f» 


S* 


llZ'xS'Xi'l_ 


1/3'X3'XA'L 


i/3i'x3i'xA'L 


l/4'x4'xi'L 


Rafter 


B 


7'x3'xl7Jlbe.n 


7'x3'Xl7Jlb8.n 


9' X 3' X 19t lbB.n 


9'x3'xl9ilb8.n 


Strut 


S 


2/3*' X 2i' X r JLS 


2/3J'x2i'xi'JLS 


2/4' X 3' X A' JLS 


2/4'x3'xA'' II S 


» 


S^ 


2/3'x2J''xrjLS 


2/3J'x2l'xi' H S 


2/4'x3'xA'JL8 


2/4'x3'xA' II S 


Brace 


b1 


l/3''x3'xi''L 


1/3'X3'XA'L 


1/4'X3'XA'L 


l/6'x3'xA''L 


»> 


b2 


i/3'x3''xrL 


1/3'X3'XA'L 


1/4'X3'XA'L 


i/6'x3'xA'L 


f» 


t1 


1/4'X3'XA''LS 


1/4'X3'XA'L 


1/41' X 3' X A'L 


i/S'xS'xA'L 


Strut 


s^ 


2/6''x3'xrJL8 


2/6'x3J'xrJLS 


2/6' X 31' X A' JLS 


2/6' X 4' X A' JLS 


tt 


s« 


2/3''x2J'xi'JL8 


2/3'x2J'xi'JL8 


2/3'x2i'xi'JLS 


2/3i'x2Kxi'JLS 


» 


s^ 


2/4'x3'xA'JLS 


2/4'x3'xA'JLS 


2/6' X 3' X A' JLS 


2/6'x3'xA' II S 


Flange 


F 


2/4^x3^xr IL8 


2/6'x3'xrJLS 


2/6'x4'x|'JLS 


2/6'x4'xi' JLS 


»» 


f1 


2/3' X 21' X A' II S 


2/3Kx2KxA'JLS 


2/4' X 3' X A' JLS 


2/6'x8'x|' JLS 
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OUTLINE DIAGRAM FOR GABLE FRAMES 
FOR SPANS TC-O* TO lOO'-O*. 

SHEETED ROOFS. 





Front Elevation. 



SM« Elevation. 



r r 


r /• 


;<V>;» 


/^VX 


iS 


Roof Truss 1 
• Roof Truss ^A 


1 







Plan oF Bracing in Plane of Bottom Chord. 




Plan oF Bracing in Plana oF RooF 



Non. — ^Raila and Fnrlizia to be spaced not more than 6'-6' apart. 

Sections as follows : — 
Up to 12'-0' span, 4' X IJ* X 5 lbs. 



12'-6-' to 16'-0'. H'x II' X^ 
16'-0'tol6'-8', 6'x3'xll 



» 



» JL 
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CONCRETE FOUNDATIONS FOR SHEETED SHEDS. 

Basis : Earth pressure for Types 2 and 4 : 3 tons per sq. ft. 
„ „ „ Type 3 : 1 ton „ „ 



Fob Side Stanchbons 12'-0' Cbntbbs 



Span 



40'-0' 



/ A' 



60'-0 

70'-0' 
80'-0' 



90'-0' 



lOO'-C 



Height 



13'-4-' 



' o# 



16'-8 



' A# 



20'-0 



/ A» 



23'-i 



26'-8' 



SO'-O* 
33'-4' 



Type2 



D W B 
3'-6' X 2'-3'' X 2'-3' 

4'-0'x2'-6'x2'-6* 

4'-6'x2'-9'x2'-9' 

6'-0'x3'.0'x3'-0' 

S'-e^xS'-S'xS'-S" 

6'-0''x3'-8'x3'-8* 

6'-6' X 4'-0' X 4'-0' 



Type3 



B 



W 



D 



2'-0' x2'-0' xl'-3' 

2'-2' x2'-2' xl'-4' 

2'-4' x2'-4' xl'-6' 

2'-6* x2'-6' xl'-e* 

2'-8' x2'-8'' xl'-8' 
2'-10'x2'-10'xl'-l(>' 

3'-0' x3'-0' x2'-0' 



Type4 



D W B 

2'-9'x2'-0' x2'-0' 

3'-6'x2'.3' x2'-3' 

4'-0''x2'-6* x2'-6' 

4'-3'x2'-8' x2'-8' 
4'-6'x2'-l(>'x2'-l(r 

4'-9*x3'-2* x3'-2' 

6'-0''x3'-6'' x3'-6-' 



Fob Side Stanoheons 15'-0' Centbes 



40'-0'' 


13'-4* 


60'-(r 


16'-8' 


eo'-o* 


20'-0' 


TO'-O* 


23'-4' 


80'-0* 


26'-8' 


90'-0' 


30'-0' 


lOO'-O* 


33'-4' 



3'-9' X 2'-6' X 2'-6' 
4'-0' X S'-O-' X S'-O" 
4'-6'x3'-6'x3'-6' 
6'-0'x3'-9'x3'-9' 
6'-6'x4'-0'x4'-0' 
6'-0' X 4'-6' X 4'-6' 
6'-6' X 6'-0' X S'-O* 



2'-6' x2'.6' Xl'-S*' 

2'-9' x2'-9' Xl'-4'' 

3'-0' x3'-0' xr-6' 

3'-2' x3'-2' xl'-e* 

3'-4' x3'-4' Xl'-S*' 

3'-6' x3'-6' Xl'-lO* 

3'-9' x3'-9' x2'-0' 



'A* 



3'-(rx2'-0'' x2'-0 
3'-9'x2'-4' x2'-4' 



4'-0'x3'-0' x3'-0' 
4'-4-'x3'-4' x3'-4' 



4'-8*x3'-9' x3'-9' 
6'-0'x4'.0' X4'.0' 



6'-4'x4'-3' x4'-3' 



Gabi<e Stanohsons 



40'-(>' 


13'-4' 


60'-(r 


16'-8' 


eo'-o* 


20'-0' 


70'.(r 


23'-4* 


80'-0' 


26'-8' 


90'-0' 


30'.0' 


OO'-O' 


33'-4* 



W B D 

r-6'xi'-6'xr-3' 

l'-9' X l'-9' X l'-6' 
2'-0''x2'-0'xl'-6'' 
2'-0' X 2'-0' X l'-6' 
2'-0'x2'.0'Xl'-6' 
2'-3' X 2'-3' X r-9' 
2'.6' X 2'-6' X 2'-0' 




Sttnchton 



Sheet 2/27 



CHAPTER III. 

STANDARD SECTIONS FOB SHEDS WITH OPEN SIDES AND GABLES. 

SHEETED BOOFS. 

The preceding chapters deal with sheds having the sides and gables 
entirely closed in, and are not therefore wholly applicable to sheds 
with open sides and gables ; therefore the sizes of the various members 
will need reconsidering on the lines described hereafter. 

Adopting the same symbols and data the force constants for, and 
amounts of, reactions will be as follows : — 



Type 8, Prineipals (for 24}'' pitch). 

W 
Total upward reaction at WRP ^-^ + -637 NP 

=52-8+75-675 = 128-475 lbs. 

W 
Total upward reaction at LRP =:-2-+-273 NP 

=62-8 +32-432 = 85-232 lbs. 

Total horizontal reaction at WBP and at LRP 
= •2073 NP= 24-627 lbs. 



Type 8, Transvene Frames. 

Total upward reaction at WBT=^+( ^^^'^^+'^^^^^^^ xVn) 

=62-8+69-2 = 112 lbs. 

Total upward reaction at LRT =^+(*i2±i5^ x Vn) 

=62-8+48-8 = 101-6 lbs. 

Total horizontal reaction at WBT and at LRT 
= •2073 NP= 24-627 lbs. 

62 
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Type 4, Transverse Frames. 
Total upward reaction at WRT= ^+ /C~('3C+'4557S2) ^y^\ 

:=52-8+65-34 = 118*14 lbs. 

Total upward reaction at LRT=Y+(^?^i^^^ xVN^ 

=52-8+42-65 = 95-46 lbs. 

Total horizontal reaction at WRT and at LRT 
= •2073 NP =24-627 lbs. 

The only difference in the stresses in the principal members for 
the two classes of sheds, i.e. open and closed sheds, is that in the 
bottom chord, such difference being due to the absence (in the open- 
shed type) of that portion of the side-wind force — ^acting on the 
closed-shed type — ^transmitted from the windward to the leeward 
side. The effect of this force being that of counteracting and therefore 
reducing the tensile force in the bottom chord, it follows that the total 
stress in the latter member may be found by adding this force to the 
tabulated stresses given in the preceding chapter, and, as the tabulated 
sections have for practical reasons been made sufficient for this pur- 
pose, the sections given for the closed type may be adopted for use 
in the open type of shed. 

Side Staneheons. — ^The horizontal forces, and therefore the bending 
moments, ore, of course, much less for the open type than for the 
closed type sheds. 

The unit stresses for the various types are given hereafter. 

Type 2. — ^The maximum bending moment occurs at the ground- 
level, the imit amount being found as follows : — 

Maximum vertical load occurs at WRP and equals 128-475 lbs. 

Horizontal reaction at WRP =24-627 lbs. 

Leverage of do. =4 ft. 

BM =24-627x48'' = 1182-096 inch4bs. 

T^ 8. — ^The maximum bending moment occurs at the connection 
of the stay to the stancheon, the unit amount being found as follows : — 

Maxinmum vertical load occurs at WRT and equals 112 lbs. 

Horizontal reaction at WRT =24-627 lbs. 

Leverage of do. =3 ft. 

BM =24-627x36-' = 886-572 inch-lbs. 



64 THE PRACJTICAL DESIGN OF STEEL-FRAMED SHEDS 

Type 4. — ^The maximum bending moment occurs at the connection of 
the stay to the stancheon, the unit amount being found as follows : — 

Maximum vertical load occurs at WBT and equals 118-14 lbs. 
Horizontal reaction at WBT ==24-627 lbs. 
Leverage of do. = 1} ft. 
BM=24-627 X 18^=443-286 inch-lbs. 

The total stresses may be found by multiplying the unit stresses 
by the coefficients given previously. The total stresses, together with 
the sections recommended for use, are tabulated on Sheets 3/1, 3/2, 
and 3/3, page 66 et seq.^ for Types 2, 3, and 4 respectively. 

Bool Bradng. — ^The functions of the roof bracing are, the pre- 
vention of side flexure in the principal rafters and the stiffening of the 
framework during construction. For these purposes it is only necessary 

to use braces B^ and B^, and the section of these members may be 
similar to those adopted for the closed type of shed. 

Side Braces. — ^The function of these members is to eliminate 
distortion in the transverse frames, due to the action of the horizontal 
forces acting at the reaction points WRT and LBT. 

If S^ = distance from WBP to connection of stay to the stancheon, 

S2 =distance of WRP from WRT. 
BHP = horizontal force acting at WBT. 
A=angle of stay to horizontal = 18}^ 

Then the stress in the stay will be tensile at the windward side and 
compressive at the leeward side, and the amount will be : — 

BHPxS2 ^ . 
-xSec. A. 



si 

The unit stress in the stay for Types 3 and 4 is as follows : — 
Type 8. — 

BHPxS^ ^ . 24-627x4 , ^_ ,no o lu 
xSec. A=: = X 1064 = 103-8 lbs. 

Si 1 

Type 4.— 

BHPxS2 ^ . 24-627x2i , ^^, ^^^„ 
xSec. A= :; ?x 1-054 = 64-9 lbs. 

Sl 1 

The total stress for the various spans may be obtained by multi- 
plying the above unit stresses by the multipliers given in the preceding 
chapter for the roof members. 

Although the imit stresses given above are much less than those 
for the closed type of shed, the sections given for the latter will apply 
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T 

here, as these sections were determined by the ratio of ^, which, of 

ooorse, remains the same. 

Rool Pnrlinf . — ^The sections of the purlins will be exactly like 
those for the closed type of shed. 

Side Foundations. — ^The sizes of the foundations for the various 
types and spans are given on Sheet 3/4, page 69, and have been 
calculated for the same earth pressure previously adopted. 
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STANDARD SECTIONS FOR SIDE STANCHEONS. 

TYPE 2. 
OPEN SHEDS— SHEETED ROOFS. 



WM 



> -«r 




Type 2. 



Rai/sloStifTen! 

wiUi cross hrMcing 
iiLand bays. 



Ttpb 2 








Stakchxoms 12' 


-O* Ckntbbs 


Span of 
Shed 


Height 
of shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0' 


13'-4' 


lbs. 
129 


inoh-lbs. 
1182 


40 


133 


lbs. 
5160 


inch-lbs. 
157206 


Ibe. 
9'x4''x21 


SO'-O* 


16'-8' 


1 




>> 


50 


208 


6450 


245856 


8*X5'X28 


eo'-o* 


20'-0' 


1 




>» 


60 


300 


7740 


354600 


10'x6'x30 


70'-0' 


23'-4' 


1 




f> 


70 


408 


9030 


482256 


12'x5'x32 


SO'-O* 


26'-8' 


1 




»» 


80 


533 


10320 


630006 


12'x6''x44 


90'-0' 


30'-0'' 


1 




*t 


90 


675 


11610 


797860 


14'x6'x46 


lOO'-O' 


33-4' 






»> 


100 


833 


12900 


984606 


14*X6'X57 


Ti 


TPB 2 








Stance 


[EONS 15' 


-0' CENTRBa 


I 


40'-0' 


13'-4' 




t* 


60 


167 


6450 


197394 


9'x4'x21 


SC-O' 


16'.8' 




9* 


62-5 


260 


8062 


307320 


12'x5'x32 


60'-0' 


20'-0' 




99 


75 


376 


9676 


443250 


12' X 6' X 32 


70'-0' 


23'-4' 




f* 


87-6 


510 


11287 


602820 


12' X 6' X 44 


80'-0' 


26'-8' 




» 


100 


667 


12900 


788394 


14'x6'x46 


90'-0' 


30'-0' 




>t 


112-6 


844 


14612 


997608 


14' X 6' X 67 


lOO'-O' 


33'-4' 




>f 


126 


1042 


16125 


1231644 


16'x6'x62 
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STANDARD SECTIONS FOR SIDE STANCHEONS 

TYPE S. 
OPEN SHEDS— SHEETED ROOFS. 



Wind 




♦ II 



Type 3. 



rRajkiBncims 



•ahrType, 



Type 3 








Stanohbons 12'-0' Centrka 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L, 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0' 


13'-4' 


lbs. 
112 


inoh-lbs. 
887 


40 


133 


lbs. 
4480 


inch-lbs. 
117971 


lbs. 
7*x4'xl6 


60'-0* 


16'.8' 


» 


f> 


50 


208 


5600 


184496 


9'X4'X21 


eo'-o* 


20'-0' 


99 


» 


60 


300 


6720 


266100 


8'x5'x28 


TC-O' 


23'.r 


f* 


>f 


70 


408 


7840 


361896 


10' X 5' X 30 


80'.0* 


26'-8' 


99 


>» 


80 


533 


8960 


472771 


12'x5'x32 


90'-0' 


30'-0' 


» 


f> 


90 


675 


10080 


598725 


12'x6'x44 


lOO'-O' 


33'-r 


f» 


>» 


100 


833 


11200 


738871 


14' X 6' X 46 


Ts 


TB 3 








Stanc 


HBONS IG 


;'-0* Cbntbi 


ss 


W'Q' 


13'.4* 


f> 


>f 


50 


167 


5600 


148129 


8'x4'xl8 


W-O' 


16'-8' 


»» 


» 


62-5 


260 


7000 


230620 


8'x5'x28 


eo'-o*' 


20'.0'' 


9» 


» 


75 


375 


8400 


332625 


10' X 5' X 30 


70'-0' 


23'-4' 


» 


»> 


87-5 


510 


9800 


452370 


12'x5'x32 


W'(f 


26'-8' 


»> 


» 


100 


667 


11200 


591629 


12' X 6' X 44 


do'-o' 


30'-0' 


»» 


>» 


112-5 


844 


12600 


748628 


14' X 6' X 46 


lOO'-O-' 


33'-4' 


>f 


» 


125 


1042 


14000 


924254 


14'X6'X57 
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STANDARD SECTIONS FOR SIDE STANCHEONS, 



TYPE 4. 



OPEN SHEDS— SHEETED ROOFS. 



Wind 




■► ' 



Mti^mcmf 



Ma/^Typtt 



Typ« 3. 



Ttpb 4 








Stanchbons 12 


'-0' Cbntbbs 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


MultipUen 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M 


40'-0^ 


13'-4' 


Ibe. 
118 


inoh-lbe. 
444 


40 


133 


lbs. 
4720 


inch-lbe. 
59052 


Ibe. 
7-'x4''xl6 


SO'-O' 


16'-8' 


t» 


f§ 


50 


208 


5900 


92352 


7' X 4*^X16 


eo'-o' 


20'-0' 


t» 


9f 


eo 


300 


7080 


133200 


8'X4'X18 


70'-0' 


23'-4' 


»f 


ft 


70 


408 


8260 


181152 


9'X4''X21 


M'-O* 


26'-8' 


f* 


»f 


80 


533 


9440 


236652 


8*'X6'X28 


90'-0' 


30'-0' 


»f 


ft 


00 


675 


10620 


299700 


10' X 5'' X 30 


lOO'-O' 


33'-4' 


tt 


»» 


100 


833 


11800 


369852 


10* X 5' X 30 


Tn 


rpB 4 








Stang 


IHBON8 1£ 


f'-O' CSNTR] 


BS 


40'-0' 


13'-4' 


f» 


ff 


60 


167 


5900 


74148 


7'X4'X16 


M'-O* 


le'-s* 


»» 


»9 


62-5 


260 


7375 


115440 


7'x4'xl6 


eo'-o* 


20'-0' 


»f 


»f 


76 


375 


8850 


166500 


9'X4'X21 


70'.0' 


23'-4' 


f» 


»» 


87*6 


510 


10325 


226440 


8'X5'X28 


SO'-O* 


26'-8* 


ft 


99 


100 


667 


11800 


296148 


10'x6'x30 


90'-0' 


30'-0' 


*f 


9f 


112-5 


844 


13276 


374736 


10'x6'x30 


lOO'-O" 


33'-4' 


ft 


»> 


126 


1042 


14750 


462648 


12'X6'X32 
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CONCRETE FOUNDATIONS. 



OPEN SHEDS— SHEETED ROOFS. 
Basis : Earth pwuro for Typee 2 and 4 : 3 tons per eq. ft. 



»f 99 







Fob Rxdb Stanohbons 12'-0' Csntbbs 




iO'-O* 


13'.4^ 


D W B 
3'-0''xl'-9''xr-9' 


B 

2'-0' 


W B 
x2'.0* Xl'-3' 


D W B 
2'.6'Xl'-9''Xl'-9^ 


WK-C 


16'.8' 


3'-6'x2'-0'x2'-0' 


2'.0* 


X2'.0' xl'-3'' 


2'-6''xl'-9'xr-9^ 


60'-(r 


2<)'-0' 


4'.0' X 2'-0' X 2'.0' 


2'-r 


x2'-r xl'-4'' 


3'.0'x2'-0'x2'-a' 


TO'-C 


23'-4' 


4'-6'x2'.3'x2'-3'' 


2'-2' 


x2'-2-' xl'-6' 


3'-(rx2'^x2'-0' 


80'-(r 


26'-8'' 


6'-0'x2'-6''x2'.6' 


2'-3' 


x2'-3' xV-5' 


3'-3'x2'-0'x2'-0-' 


OO'-O* 


ac-c 


6'-6' X 2'-9' X 2'-9* 


2'-4'' 


x2'-4' xi'-e' 


3'-6'x2'-3^x2'-3' 


lOC-O* 


33'-4' 


6'-(>'x3'-0'xd'-0' 


2'-6' 


x2'-6' xl'-6' 


4'-0'x2'-6*x2'-6' 


• 




Fob 8n>B Stanc 


3HBON8 


15^-0' Cektbbs 




40'-(r 


13'-4' 


3'-6''x2'.0''x2'-0'' 


2'.3'' 


X2'.3' Xl'-S*' 


2'-6-'xr-9'Xl'-9' 


M'-C 


16'-8' 


4'-(rx2'-0'x2'.0' 


2'-6' 


x2'-6'' xl'-4' 


2'.6"'x2'-0'x2'-0' 


60'-(r 


2(K-(r 


4'-6''x2'-3'x2'-3' 


2'-9' 


x2'-9' xl'-4' 


2'-9'x2'-0''x2'-(r 


70'-(r 


23'-4' 


5'.0''x2'-6^x2'-6' 


2'-10' 


'x2'-10''xr-6' 


3'-0'x2'-3'x2'-3' 


80'.(r 


26'-8' 


5'.6''X2'-9''X2'.9' 


3'-0' 


X3'-0' xi'-e* 


3'.3''X2'-6'x2'-6' 


90'-(r 


30'-(r 


6'-(rx3'-0''x3'-0' 


3'-l' 


x3'-r xl'-8' 


3'-9''x2'.9'x2'-9' 


lOO'-O' 


33'.4' 


6'-6-'x3'-3''x3'.3'' 


3'-3'' 


x3'-3' Xl'-9'' 


4'-3* X 3'-(r X 3'-(r 



SmoBT 3/4 




Stanchion 



ConeruU 



CHAPTER IV. 

I 

THE STANDABDIZmO OF SHED-MEMBBBS AND F0T7VDATI0NS FOB 
SHEDS HAVINa SLATED BOOFS AND BBICE-PAKELLED WALLS. 

By adopting a constant outline for the principal members of the roof 
principals and transverse frames, by using a constant relative pro- 
portion for the main dimensions, and also a similar combination of 
data, the stresses and sections may be expeditiously determined in a 
similar manner to that described for sheeted sheds. 

The data to be adopted for use in the determination of the unit 
stresses are as follows : — 

Weight of roof covering and framework : 18 lbs. per sq. ft. 

„ sides (Q'^ brick walls and steel) : 90 „ „ 
Boof-wind force : 32 lbs. per sq. ft. — ^horizontal. 
Side „ „ 20 „ „ „ 

Angle of roof slope : 30°. 
Length of building considered : I'-O'^. 

Span (transverse distance between side stancheons) : 12^-0''. 
Height from ground to eaves : 4'-0''. 

Unit length x ^ J^ =total length of member. 

VALUES OF SYMBOLS TO SUIT 30° IN LIEU OF 

24 J° SLOPE ARE:— 

B=length of roof slope (for A =30°, B = -58C). 
D (for A =30°) = -33640. 

D1 (for A=30°) = -3364C+-6774S2. 
VN (for A =30°) = -86 NP. 
HN(forA=30°)=-6NP. 

FORCE CONSTANTS FOR REACTIONS. 

HP for roof : 32 lbs. per sq. ft. Resolving these, then 
NP for roof =32 x -66 =21i lbs. per sq. ft. 
VN „ „ =21ix-86 = 18-361bs. per sq.ft. 
HN „ „ =21ix-5 = lOf lbs. per sq. f t. 
Length of roof slope relative to span =6*96 ft. 
Area of roof =6*96 sq. ft. 
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Total VN = 18-35 X 6-96 =127-7 lbs. 

„ HN = 10-66x6-96= 74-2 „ 

„ NP=21J X 6-96 = 148-6 „ 
HP for side =20 lbs. per sq. ft. 
Height of side =4'-0'. 
Area of side =4 sq. ft. 

HPS =20x4 =80 lbs. 

Weight of roof (W) = 18 x 6-96 x 2 =250-56 lbs. 
„ each side (Wj) =90 x 4 =360 lbs. 

CALCULATIONS FOR REACTIONS. 

Type 2, Frindpals. 

W 
Total upward reaction at WRP = -^+-671 NP = 126-28+84-8 

=210-08 lbs. ^ 

Total upward reaction at LRP =^+-289 NP =125-28+42-9 

= 168-18 lbs. ^ 

Total horizontal reaction at WRP = -25 NP=-26x 148-6=37-125 lbs. 

Total horizontal reaction at LRP = -26 NP+-25 HP® =37-126+20 
=57126 lbs. 

Type 8, Tnuuverae Frames. 

Total upward reactionatWRT=?+Wi +/C-( 33640 +-677S2)^^\ 
HpSxL2 2 V C / 

- p =126-28+360+60-3-13-33=532-26 lbs. 

Total upward reaction at LRT=y+^1+( ^^^^c^^^^ X^ 
+ fT =126-28+360+67-5+1333 =666-11 lbs. 

Total horizontal reaction at WRT=-26 NP+ ^^^ +RHP 
=37-125+25+30=92-125 lbs. ^ 

Total horizontal reaction at LRT=-26 NP+^^^IlM? =37-126+26 
=62-126 lbs. ^ 

Tjrpe 4, Tcansvetse Fhunes. 

Total upwardreactionat WRT=y +Wi V C-(-336^+-677S ) ^ yjj\ 

TmS T 2 

_ HP"XL =,125-28+360+69-39-6-2=649-47 lbs. 
Total upward reaction at LRT= y+Wi+(^ '^^^^^'^'^'^^ xVN^ 
+ ^Cr^ =125-28+360+68-308+6-2=648-788 lbs. 
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T»« h^.- reason .t WRT..»NP+55=SS>+RHP 

=37-126+17-5+16 =69-626 lbs. "^ 

Total horizontal reaction at LBT=2SNP+ — 

=37-126+17-6=64-625 lbs. ^ 

These reactions will enable the foice diagrams to be completed, 
from which the stress diagrams may be drawn in the usual manner, 
as shown on Plates 4/H, 4/J, and 4/E for Types 2, 3, and 4 respec- 
tively, and the amount and nature of the various unit stresses in the 
members determined. These unit stresses are tabulated on Sheet 4/1 
for spans ranging from 40 to 70 ft., and on Sheet 4/2 for spans from 
70 ft. to 100 ft., for which, see pB^gas 73 and 74. 

By the use of these tables in conjunction with the multipliers 
referred to in the previous chapter, the total stresses in the various 
members for sheds of var3ang spans (but with height at the fixed ratio 
to the span) may be easily found. Sheets 4/3 to 4/8 give the tabulated 
stresses for spans varying from 40 to 70 ft., and Sheets 4/9 to 4/14 
for spans varying from 70 to 100 ft. It should be noted that the 
frame diagram for the latter range of spans is a modification of that 
used for finding the unit stresses, consequently, for certain members, 
the stresses will require to be separately computed, and although no 
Ai^...^^ nor calculations are given, the unit stresses given on Sheet 4/2 
> particular figures may be safely accepted as correct. 
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SLATED TRUSSES. UNIT STRESS COEFFICIENTS. 

SPANS 40 TO 70 FT. 

SLATED ROOFS. 




*Longitudinml 
Member 15 required to Types 

3i^ oniy. 



Membot 


Condition 
of Ends 


Unit 
Length 


Unit BtreBB in pounds 


^1^2 


Type3 


Type4 


1 


B.ES.F. 


1-732 


+360 


+417 


+397 


2 


B.ES.F. 


1-732 


+378 


+435 


+415 


3 


BtE,Vu 


1-732 


+396 


+453 


+433 


4 


B.B.F. 


1*732 


+414 


+471 


+451 


5 




1-5 


-317 


-359 


-304 


6 




1-5 


-253 


-332 


-277 


7 




3 


-125 


-112 


-126 


8 


O.E.F. 


2-20 


-196 


—286 or 

+40 


-250 


9 




2-20 


-294 


-384 


-348 


10 


O.E.F. 


•8661 


+74 


+74 


+74 


11 




2-20 


-98 


-98 


-98 


12 


B»E«F« 


1-7322 


+148 


+ 148 


+148 


13 




1-5 


-64 


-64 


-64 


14 


O.E.F. 


-8661 


+74 


+74 


+74 


15 


BuSLxm 


3-1625 




+256 


+146 



B.EJP. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end iree. 

Unit length multiplied by multiplier equals length of member. 

+ denotes oompression* 

— denotes tension. 
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TABLE OF STRESS COEFFICIENTS. 
SPANS 70 TO 100 FT. 



1 



SLATED ROOFS. 




jitudinal 
^fhmb€r JSreiiuired to Typos 



Member 


Condition 
of Ends 


Unit 
Length 


Table of stress ooeffioients 


Type2 


Type3 


Type4 


1 


B.E.F. 


1155 


+378 


+440 


+409 


2 


B.E.F. 


1155 


+398 


+460 


+429 


3 


D»EmW, 


1155 


+420 


+482 


+451 


4 


B.E.F. 


1155 


+440 


+502 


+471 


5 




1-5 


-340 


-389 


-320 


6 




1*5 


-253 


-352 


-283 


7 




3 


-125 


-112 


-123 


8 


O.E.F. 


2*20 


-179 


—283 or 
+23 


—236 or 
+16 


9 




2*29 


-317 


-421 


-374 


10 


O.E.F. 


•764 


+44 


+44 


+i4 


11 




2-29 


-138 


-138 


-138 


12 


B.E.F. 


1-7322 


+ 147 


+ 147 


+147 


13 




1-6 


-87 


-87 


-87 


14 


O.E.F. 


1-258 


+69 


+69 


+69 


15 


B.E.F. 


31626 




+256 


+146 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compreasion. 

— denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



liJOr CENTRES— TYPE 8. 



SLATED ROOFS. 




' 1 'Longitudinal '. 

Member f5 required to Types 
3^.4- only. ^ -"^ 



Member 


Condition 

of 

Ends 


Unit 
Length 


40'-0'' 
Span 


60'-0' 
Span 


60'-0' 
Span 


70'-0' 
Span 


1 


B.E.F. 


1-732 


pounds 
+ 14400 


pounds 
+18000 


pounds 
+21600 


pounds 
+26200 


2 


B.E.F. 


1-732 


+ 16120 


+ 18900 


+22680 


+26460 


3 


B.E.F. 


1-732 


+ 16840 


+ 19800 


+23760 


+27720 


4 


B.E.F. 


1-732 


+ 16660 


+20700 


+24840 


+28980 


6 




1-5 


-12680 


-16860 


-19020 


-22190 


6 




1-6 


-10120 


-12660 


-16180 


-17710 


7 




3 


- 6000 


- 6260 


- 7600 


- 8760 


8 




2-29 


- 7840 


- 9800 


-11760 


-13720 


9 




2-29 


-11760 


-14700 


-17640 


-20680 


10 


O.E.F. 


-8661 


+ 2960 


+ 3700 


+ 4440 


+ 6180 


11 




2-29 


- 3920 


- 4900 


- 6880 


- 6860 


12 


B*E«F« 


1-7322 


+ 6920 


+ 7400 


+ 8880 


+ 10360 


13 




1-6 


- 2660 


- 3200 


- 3840 


- 4480 


14 


O.E.F. 


-8661 


+ 2960 


+ 3700 


+ 4440 


+ 6180 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression 

— denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



IS'-O* CENTRES— TYPE 8. 



SLATED ROOFS. 




Member IS required to J/pts 



Member 


Condition 

of 

Ends 


Unit 
Length 


40'-0^ 
Span 


50'-0' 
Span 


60'-0^ 
Span 


70'-0^ 
Span 


1 


B.E.F. 


1-732 


pounds 
+18000 


pounds 
+22500 


pounds 
+27000 


pounds 
+31500 


2 


D»E,Xm 


1732 


+18900 


+23625 


+28350 


+33075 


3 


DrnJSLx^ 


1-732 


+ 19800 


+24750 


+29700 


+34650 


4 


B.E.F. 


1-732 


+20700 


+25875 


+31050 


+36225 


5 




15 


-15850 


-10813 


-23775 


-27738 


6 




1-5 


-12650 


-15813 


-18975 


-22138 


7 




3 


- 6250 


- 7813 


- 9375 


-10938 


8 




2*20 


- 9800 


-12250 


-14700 


-17150 


9 




2-20 


-14700 


-18375 


-22050 


-25725 


10 


O.E.F. 


•8661 


+ 3700 


+ 4625 


+ 5550 


+ 6475 


11 




2-20 


- 4900 


- 6125 


- 7350 


- 8575 


12 


B.E.F. 


1-7322 


+ 7400 


+ 9250 


+ 11100 


+ 12950 


13 




15 


- 3200 


- 4000 


- 4800 


- 5600 


14 


O.E.F. 


-8661 


+ 3700 


+ 4625 


+ 5550 


+ 6475 



B.E.F denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



18'^' CENTRES— TYPE 3. 



SLATED ROOFS. 




n 'Lonpttudifft 
Member i5 required to J/pes 



Member 


Condition 

of 

KndR 


Unit 
Length 


40'-0' 
Span 


eo'-o* 

Span 


60'-0' 
Span 


70'-0' 
Span 


1 


B.A.F* 


1-732 


pounds 
+ 16680 


pounds 
+20860 


pounds 
+26020 


pounds 
+29190 


2 


B.E.F. 


1-732 


+ 17400 


+21760 


+26100 


+30460 


3 


B.Ej.f^* 


1-732 


+ 18120 


+22660 


+27180 


+31710 


4 


B.E.F. 


1-732 


+ 18840 


+23660 


+28260 


+32970 


6 




1-5 


-14360 


-17960 


-21640 


-26130 


6 




1-5 


-13280 


-16600 


-19920 


-23240 


7 




3 


- 4480 


- 6600 


- 6720 


- 7840 


8 


O.E.F. 


2-20 


-11440 or 
+ 1600 


-14300 or 
+ 2000 


-17160 or 
+ 2400 


-20020 or 
+ 2800 


9 




2-29 


-16360 


-19200 


-23040 


-26880 


10 


O.E.F. 


-8661 


+ 2960 


+ 3700 


+ 4440 


+ 6180 


11 




2-29 


- 3920 


- 4900 


- 6880 


- 6860 


12 


B.E.F. 


1-7322 


+ 6920 


+ 7400 


+ 8880 


+ 10360 


13 




1-6 


- 2660 


- 3200 


- 3840 


- 4480 


14 


O.E.F. 


-8661 


+ 2960 


+ 3700 


+ 4440 


+ 6180 


16 


B.E.F. 


31626 


+ 10240 


+ 12800 


+ 16360 


+ 17920 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



U'-QT CENTRES— TYPE S. 



SLATED ROOFS. 




j 'Longitudinal 



Memb§r 15 required to T/Pt$ 
3i4'Oiilj. 






Member 


Condition 

of 

Endfl 


Unit 
Length 


40'-0' 
Span 


SO'-O* 
Span 


60'-0^ 
Span 


70'-0* 
Span 


1 


B.E.F. 


1-732 


pounds 
+20850 


pounds 
+26063 


pounds 
+31275 


pounds 
+36488 


2 


B.E.F. 


1-732 


+21750 


+27188 


+32625 


+38063 


3 


B.E.F. 


1-732 


+22650 


+28313 


+33975 


+39638 


4 


B.E.F. 


1-732 


+23550 


+29438 


+35325 


+41213 


5 




1-5 


-17950 


-22438 


-26925 


-31413 


6 




1-5 


-16600 


-20750 


-24900 


-29050 


7 




3 


- 5600 


- 7000 


- 8400 


- 9800 


8 


O.E.F. 


2-29 


-14300 or 
+ 2000 


-17876 or 
+ 2600 


-21450 or 
+ 3000 


—26025 or 
+ 3600 


9 




2-29 


-18200 


-24000 


-28800 


-33600 


10 


O.E.F. 


•8661 


+ 3700 


+ 4625 


+ 6650 


+ 6475 


11 




2-29 


- 4900 


- 6126 


- 7350 


- 8575 


12 


B.E.F. 


1-7322 


+ 7400 


+ 9260 


+ 11100 


+ 12960 


13 




1-5 


- 3200 


- 4000 


- 4800 


- 6600 


14 


O.E.F. 


-8661 


+ 3700 


+ 4625 


+ 5560 


+ 6475 


15 


B.E.F. 


31625 


+ 12800 


+ 16000 


+ 19200 


+22400 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT, 



12'^' CENTRES— TYPE 4. 



SLATED ROOFS. 




' ) 'Longitudinal ' 
Membtr ISrtquind to Typtt 



Member 


ConditiQn 

of 

Ends 


Unit 
Length 


40'-0' 
Span 


50'-0^ 
Span 


OO'-O' 
Span 


70'-0^ 
Span 


1 


B.E.F. 


1-732 


pounds 
+ 15880 


pounds 
+ 19850 


pounds 
+23820 


pounds 
+27790 


2 


B.E.F. 


1-732 


+16600 


+20750 


+24900 


+29050 


3 


B.E.F. 


1-732 


+ 17320 


+21650 


+25980 


+30310 


4 


B*E*F« 


1-732 


+ 18040 


+22550 


+27060 


+31570 


5 




15 


-12160 


-16200 


-18240 


-21280 


6 




1-5 


-11080 


-13850 


-16620 


-19390 


7 




3 


- 5040 


- 6300 


- 7560 


- 8820 


8 




2-29 


-10000 


-12500 


-16000 


-17500 







2-29 


-13920 


-17400 


-20880 


-24360 


10 


O.E.F. 


-8661 


+ 2960 


+ 3700 


+ 4440 


+ 5180 


11 




2-29 


- 3920 


- 4900 


- 5880 


- 6860 


12 


B.E.P. 


1-7322 


+ 5920 


+ 7400 


+ 8880 


+ 10360 


13 




1-5 


- 2560 


- 3200 


- 3840 


- 4480 


14 


O.E.F. 


-8661 


+ 2960 


+ 3700 


+ 4440 


+ 5180 


15 


B.E.F. 


3-1625 


+ 5840 


+ 7300 


+ 8760 


+ 10220 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by midtiplier equals length of member. 

+ denotes compression. 

— denotes tension. 
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TOTAL STRESSES IN SPANS 40 TO 70 FT. 



ly-O* CENTRES— TYPE 4. 



SLATED ROOFS. 




Mtmb»r ISfmuirtd to Tjpts 
3 1* only. ' -"^ 



Member 


Condition 

of 

Ends 


Unit 
Length 


40'-a' 
Span 


50'-0' 
Span 


60'-0' 
Span 


70'-0* 
Span 


1 


B.E.F. 


1-732 


pounds 
+ 19850 


pounds 
+24813 


pounds 
+ 29775 


pounds 
+34738 


2 


B.E.F. 


1-732 


+20760 


+25938 


+31125 


+36313 


3 


B.E.F. 


1-732 


+21650 


+27063 


+32475 


+37888 


4 


B.E.F. 


1-732 


+22550 


+28188 


+33825 


+39463 


5 




1-6 


-15200 


-19000 


-22800 


-26600 


6 




1-6 


-13850 


-17313 


-20775 


-24238 


7 




3 


- 6300 


- 7875 


- 9450 


-11025 


8 




2-29 


-12500 


-15625 


-18750 


-21875 







2-29 


-17400 


-21760 


-26100 


-30460 


10 


O.E.F. 


•8661 


+ 3700 


+ 4625 


+ 5560 


+ 6475 


11 




229 


- 4900 


- 6125 


- 7360 


- 8575 


12 


B.E.F. 


1-7322 


+ 7400 


+ 9250 


+ 11100 


+ 12950 


13 




1-6 


- 3200 


- 4000 


- 4800 


- 5600 


14 


O.E.F. 


-8661 


+ 3700 


+ 4625 


+ 5550 


+ 6475 


15 


B.E.F. 


31625 


+ 7300 


+ 9125 


+ 10950 


+ 12775 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 



4/8 



THE STANDARDIZING OF SHED-MEMBEBS 



81 



TOTAL STRESSES IN SPANS 70 TO 100 FT. 



li'-O' CENTRES— TYPE 2. 



SLATED ROOFS. 




Ssmbmr 15 required to T^pos 
Shortly ^ "^ 



Biember 


Condition 

of 

Enda 


Unit 
Length 


70'-0' 
Spem 


80'-0' 
Span 


90'-0' 
Span 


lOO'-O' 
Span 


1 


B.E.F. 


1165 


pounds 
+26460 


pounds 
+30240 


pounds 
+34020 


pounds 
+37800 


2 


B.E»F« 


1155 


H- 27860 


+31840 


+35820 


+39800 


3 


B.E.F. 


1155 


+29400 


+33600 


+37800 


+42000 


4 


B.E.F. 


1155 


+30800 


+35200 


+39600 


+44000 


5 




1*5 


-23800 


-27200 


-30600 


-34000 


6 




1-5 


-17710 


-20240 


-22770 


-25300 


7 




3 


- 8760 


-lOOQO 


-11260 


-12500 


8 




2-29 


- 12530 


- 14320 


-16110 


-17900 







2-29 


-22190 


-25360 


-28530 


-31700 


10 


O.E.F. 


•764 


+ 3080 


+ 3520 


+ 3960 


+ 4400 


11 




2-29 


- 9660 


-11040 


-12420 


-13800 


12 


B.E.F. 


17322 


+ 10290 


+ 11760 


+ 13230 


+ 14700 


13 




1*5 


- 6090 


- 6960 


- 7830 


- 8700 


14 


O.E.F. 


1-258 


+ 4830 


+ 5520 


+ 6210 


+ 6900 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes oompreasion. 

— denotes tennon. 
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82 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 



TOTAL STRESSES IN SPANS 70 TO 100 FT. 



15-0' CENTRES— TYPE S. 



SLATED ROOFS. 





< 


r] 


^ 


to Types 










•'^Ka^ LonqitudinsI 1 

Mwtbt i5 required 
36 4>o/»/y ^ 




Member 


Condition 

of 

Rndfl 


Unit 
Length 


70'-0' 
Span 


80'-0^ 
Span 


90'-0^ 
Span 


lOO'-O' 
Span 


1 


B.E.F. 


1165 


pounds 
+33075 


pounds 
+37800 


pornids 
+42525 


pounds 
+47250 


2 


B*£<«F« 


1155 


+34825 


+39800 


+44775 


+49750 


3 


B.E.F. 


1155 


+36750 


+42000 


+47250 


+52500 


4 


B.E.F. 


1155 


+38500 


+44000 


+49500 


+55000 


5 




1-5 


-29750 


-34000 


-38250 


-42500 


6 




1-5 


-22138 


-25300 


-28463 


-31625 


7 




3 


- 10938 


-12500 


-14063 


-15625 


8 




2*29 


-15663 


-17900 


-20138 


-22375 


9 




2-29 


-27738 


-31700 


-35663 


-39625 


10 


O.E.F. 


•764 


+ 3850 


+ 4400 


+ 4950 


+ 5500 


11 




2-29 


-12075 


-13800 


-15525 


-17250 


12 


B.E.F. 


1-7322 


+ 12863 


+14700 


+16538 


+ 18375 


13 


i 


1-6 


- 7613 


- 8700 


- 9788 


-10875 


14 


O.E.F. 


1-258 


+ 6038 


+ 6900 


+ 7763 


+ 8625 


B.£ 


;.F. denotes I 


>otl 


1 ends fixf 


)d. 
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O.E.F denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes oompression. 

— denotes tension. 
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TOTAL STRESSES IN SPANS TO TO 100 FT. 



12'.0" CENTRES— TYPE 3; 



SLATED ROOFS. 





J^ 


r\ 


^ 


^3V. 








«^K^H 


^^'iSj Longitudinal Tie^ ^^^"^ 

Member fS required to 7yp«3 
3A4'only. ^ ^^ 




Member 


Condition 

of 

Ends 


Unit 
Length 


70'-0' 
Span 


80'-0' 
Span 


OO'-O' 
Span 


lOO'-O* 
Span 


1 


B.E.F. 


1165 


pounds 
+30800 


pounds 
+36200 


pounds 
+39600 


pounds 
+44000 


2 


B.E.F. 


1165 


+32200 


+36800 


+41400 


+46000 


3 


B.E.F. 


1155 


+33740 


+38560 


+43380 


+48200 


4 


B.E.F. 


1155 


+36140 


+40160 


+45180 


+60200 


6 




15 


-27230 


-31120 


-35010 


-38900 


6 




1-5 


-24640 


-28160 


-31680 


-36200 


7 




3 


- 7840 


- 8960 


-10080 


-11200 


8 


O.E.F. 


2-29 


+ 1610 or 
-19810 


+ 1840 or 
-22640 


+ 2070 or 
-25470 


+2300 or 
-28300 


9 




2-29 


-29470 


-33680 


-37890 


-42100 


10 


O.E.F. 


-764 


+ 3080 


+ 3520 


+ 3960 


+ 4400 


11 




2-29 


- 9660 


-11040 


-12420 


-13800 


12 


B.E.F. 


1-7322 


+ 10290 


+ 11760 


+ 13230 


+ 14700 


13 




1-5 


- 6090 


- 6960 


- 7830 


- 8700 


14 


O.E.F. 


1-258 


+ 4830 


+ 5520 


+ 6210 


+ 6900 


16 


RE.F. 


31625 


+ 17920 


+20480 


+23040 


+25600 


B.Ej. 


.F. denotes b 


oth 1 


snda fixe< 


i. 
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O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 
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TOTAL STRESSES IN SPANS 70 TO 100 FT. 



15'^' CENTRES— TYPE 8. 



SLATED ROOFS. 









r\ 


^ 


^^s^ 










^^iS^ Lonqitudinai Tib' ^^"***^ 

lUmht ISrequirad to Types 
3A4'only ^ '' 




Member 


Condition 

of 

Endfl 


Unit 
Length 


70'-0' 
Span 


80'-0' 
Span 


90'-0' 
Span 


lOO'-O* 
Span 


1 


B.E.F. 


1155 


pounds 
+38500 


pounds 
+44000 


pounds 
+49500 


pounds 
+55000 


2 


B.E.F. 


1155 


+40250 


+46000 


+51750 


+57500 


3 


B.E.f • 


1155 


+42175 


+48200 


+54225 


+60250 


4 


B.E.F. 


1155 


+43925 


+50200 


+56475 


+62750 


5 




1-5 


-34038 


-38900 


-43763 


-48625 


6 




1-5 


-30800 


-35200 


-39600 


-44000 


7 




3 


- 9800 


-11200 


-12600 


-14000 


8 


O.E.F. 


2-29 


+ 2013 or 
-24763 


+ 2300 or 
-28300 


+ 2588 or 
-31838 


+ 2786 or 
-35376 


9 




2-29 


-36838 


-42100 


-47363 


-52625 


10 


O.E.F. 


•764 


+ 3850 


+ 4400 


+ 4950 


+ 6500 


11 




2-29 


- 12075 


-13800 


-15525 


-17260 


12 


B.E.F. 


1-7322 


+ 12863 


+14700 


+ 16538 


+ 18375 


13 




1-5 


- 7613 


- 8700 


- 9788 


- 10876 


14 


O.E.F. 


1-258 


+ 6038 


+ 6900 


+ 7763 


+ 8626 


16 


B.E.F. 


3-1625 


+22400 


+25600 


+28800 


+32000 


B.E 


.F. denotes t 


>Otl] 


L ends fixe 


Hi. 
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O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 



THE STANDARDIZING OF SHED-MEMBEBS 



85 



TOTAL STRESSES IN SPANS 70 TO 100 FT. 



12'-0" CENTRES— TYPE 4. 



SLATED ROOFS. 




Lonqitudinml 77a 
tfiunbT Is required to Typos 



Member 


Ck)ndition 

of 

EndB 


Unit 
Length 


70'-0' 
Span 


80'-0' 
Span 


90'-0' 
Span 


lOO'-O^ 
Span 


1 


B.E.F. 


1155 


pounds 
+28630 


pounds 
+32720 


pounds 
+36810 


pounds 
+40900 


2 


B.E.F. 


1155 


+30030 


+34320 


+38610 


+42900 


3 


B.E.F. 


1155 


+31570 


+36080 


+40590 


+45100 


4 


B.E.F. 


1155 


+32970 


+37680 


+42390 


+47100 


5 




1-5 


-22400 


-25600 


-28800 


-32000 


6 




1-5 


- 19810 


-22640 


-25470 


-28300 


7 




3 


- 8610 


- 9840 


-11070 


-12300 


8 


O.E.F. 


2-29 


+ 1120 or 
-16520 


+ 1280 or 
-18880 


+ 1440 or 
-21240 


+ 1600 or 
-23600 


9 




2*29 


-26180 


-29920 


-33660 


-37400 


10 


O.E.F. 


•764 


+ 3080 


+ 3520 


+ 3960 


+ 4400 


11 




2-29 


- 9660 


-11040 


-12420 


-13800 


12 


B.E.F. 


1-7322 


+ 10290 


+ 11760 


+ 13230 


+14700 


13 




1-5 


- 6090 


- 6960 


- 7830 


- 8700 


14 


O.E.F. 


1-258 


+ 4830 


+ 5520 


+ 6210 


+ 6900 


15 


B.E.F. 


31625 


+ 10220 


+ 11680 


+13140 


+ 14600 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes oompreesion. 

— denotes tension. 
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86 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 



TOTAL STRESSES IN SPANS 70 TO 100 FT. 



15'.0' CENTRES— TYPE 4. 



SLATED ROOFS. 




Sivn6«r 1Sr9ouir€d to Types 
6 ^only 



Member 


Condition 

of 

Endfl 


Unit 
Length 


70'-0' 
Span 


80'-0' 
Span 


90'-0' 
Span 


lOO'-O* 
Span 


1 


B.Ei.x* 


1165 


pounds 
+35788 


pounds 
+40900 


pounds 
+46013 


pounds 
+51125 


2 


B.El.Xa 


1155 


+37538 


+42900 


+48263 


+53625 


3 


Bt£I.Xa 


1155 


+39463 


+45100 


+50738 


+56375 


4 


B.E.F. 


1155 


+41213 


+47100 


+52988 


+58786 


5 




1-5 


-28000 


-32000 


-36000 


-40000 


6 




1-5 


-24763 


-28300 


-31838 


-35376 


7 




3 


-10763 


-12300 


-13838 


- 15375 


8 


O.E.F. 


229 


+ 1400 or 
-20650 


+ 1600or 
-23600 


+ 1800 or 
-26550 


+ 2000 or 
-29500 


9 




2-29 


-32725 


-37400 


-42075 


-46750 


10 


O.E.F. 


•764 


+ 3850 


+ 4400 


+ 4950 


+ 5600 


11 




2-29 


-12075 


-13800 


-15525 


-17250 


12 


B.E.F. 


1-7322 


+ 12863 


+ 14700 


+ 16538 


+ 18375 


13 




1-5 


- 7613 


- 8700 


- 9788 


-10875 


14 


O.E.F. 


1-258 


+ 6038 


+ 6900 


+ 7763 


+ 8625 


15 


B.E.F. 


31625 


+ 12775 


+ 14600 


+ 16425 


+ 18260 



B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length multiplied by multiplier equals length of member. 

+ denotes compression. 

— denotes tension. 
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THE STANDARDIZING OF SHED-MEMBERS 87 

STANDARD SECTIONS FOR PRINCIPALS AND 

TRANSVERSE FRAMES. 

The sections recommended for the members of the principals and 
for the stays are given on Sheets 4/15 to 4/18, and have been calcu- 
lated to resist the tabulated total stresses, the allowable safe stress 
per square inch being as per previous chapter. 

The method previously described for increasing the utility of the 
standard sections may also be applied here. 



88 THE PRACTICAL DESIGN OF STEEL-FBAlfED SHEDS 



SECTIONS FOR TO'-O* TO lOO'-O" SPAN GABLE 
FRAMES AND BRACINGS TO SUIT PRINCIPALS 

12'-0' CENTRES. 



For outline di 



see Sheet 4/26. 



SLATED ROOFS. 



Member 


70'-0' Span 


80'.0' Span 


90'-0' Spah 


lOO'-O' Span 


Upright 


.U 


10* X 6* X 30 Ibe. I 


12'x6'x321be. I 


14'x6'x461bfl. I 


14'x6'x671be.I 


»> 


ui 


7'x4'xl61be.I 


7'x4'xl61be. I 


8'x4'xl81b8. I 


9'x4'x211b8. I 


» 


U2 


9^X4^X21 lbe.I 


0'x4'x211be, I 


10'x5'x301b8. I 


10' X 6' X 30 lbs. I 


Rail 


r2 


12'x3^n 


12'x3'n 


12'x3'n 


12'x3'n 


Rafter 


R 


12'x3'n 


12'x3'n 


12'x3'n 


12'x3'n 


Strut 


S 


2/3'x2'xrnr 


2/3'x2'xr"ir 


2/4'x2'xi'nr 


2/4'x2'xi'nr 


99 


S^ 


2/3'x2'xrnr 


2/3'x2'xrnr 


2/4'x2'xrnr 


2/4' X 2' xrnr 


Tie 


B^ 


l/3'x3'xrL 


i/3'x3'xA'L 


l/4'x3'xA'L 


l/6'x3'xA'L 


•> 


b2 


l/3'x3'xi'L 


i/3'x3'xA'L 


1/4'X3'XA'L 


1/6'X3'XA'L 


>» 


t1 


l/4'x3'xA'L 


1/4* x3' xA'L 


i/4j'x3' xA'L 


1/6' X3'XA'L 


Strut 


S« 


2/6'x3^XA'nr 


2/6* x3' xrnr 


2/5' X 3 J' xrnr 


2/6' X 4' xrnr 


•r 


S« 


2/3* X 2' X r -^r 


2/3' x2' xi'nr 


2/3' X 2'xi'nr 


2/3rx2'xrnr 


r* 


S^ 


2/3^x2j'xA'nr 


2/3J'x3' x^'^r 


2/4' X3' X^'^r 


2/6' x3'xA'nr 


Flange 


F 


1/12' X 3* n 


1/12' X 3' n 


i/i2'x3i'n 


1/12' X 4' n 


>» 


f' 


2/3'x2i'xA'nr 


2/3i'x2i'xA'"ir 


2/4' x3' Xfy'^^r 


2/6' X3' xr II 



Sheet 4/24 
Note.— Uprights U, U^, and U^ will Buit a 9' wall best if the^depth is not less than 12'. 
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SECTIONS FOR TO'-O" TO lOO'-O* SPAN GABLE 
FRAMES AND BRACINGS TO SUIT PRINCIPALS 

16'-0* CENTRES. 

For outline diagram see Sheet 4/26. 



SLATED ROOFS. 



IfiBMBBiB 


TO'-O* Span 


SC-O* Spah 


90'-0' Span 


lOO'-O' Span 


Upright 


iU 


ICxS'xSOlbe.! 


12'x6'x321be. I 


14'x6'x461be.I 


14'x6'x671be.I 


•» 


u^ 


7'x4'xl61be.I 


7'x4'xl61b8. I 


8'x4'xl81b8.I 


9'x4'x211b8.I 


»» 


U2 


9'x4'x211be.I 


9'x4'x211bs. I 


10'x6'x301bs.I 


10'x6'x301be.I 


Bail 


b2 


12* X 3' n 


12'x3'n 


12'x3i'n 


12' X 3i' n 


Baiter 


B 


12^x3^11 


12'x3'n 


12'x3i'n 


12'x3J'n 


Strut 


S 


2/3'x2i'xrnr 


2/3i'x2j'xrnr 


2/4'x3'xA'"ir 


2/4'x3'xA'nr 


rr 


si 


2/3'x2i'xr"ir 


2/3i'x2i'xi'nr 


2/4'x3'xA'nr 


2/4'x3'xA'ni 


Tie 


B^ 


i/3'x3^xrL 


1/3'X3' XA'L 


1/4'X3'XA'L 


1/6'X3'XA'L 


»» 


b2 


l/3'x3'xi'L 


1/3' X 3* xA'L 


1/4'X3'XA'L 


1/6'X3'XA'L 


r» 


t1 


i/4-'x3'xA'L 


1/4' X 3' XA'L 


1/4'X3J'XA'L 


l/6'x3'xA'L 


Stmt 


S« 


2/6'x3'xrnr 


2/6'x3i'xr"ir 


2/6'x3j'xA'nr 


2/6' X 4' X A' nr 


»f 


8« 


2/3'x2i'xr"ir 


2/3'x2i'xi'nr 


2/3'x2i'xi'nr 


2/3J'x2J'xi'"|r 


99 


S^ 


2/4* X 3* X A' nr 


2/4'x3'xA'nr 


2/6' X 3' xA'nr 


2/6'x3'xA'"ir 


Flange 


F 


1/12' X 3' n 


1/12' X 3' n 


i/i2'x3i'n 


1/I2'x4'n 


r» 


f1 


2/3rx2rxAnr 


2/3i' X 2 J' xA'nr 


2/4'x3'xA'"ir 


2/6'x3'xi'nr 



Shebt 4/25 
NoTB.— Uprighte U, U^, and U^ will suit a 9' wall beet if the depth is not less than 12'. 
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90 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 



OUTLINE DIAGRAMS FOR GABLE FRAMES 
FOR SPANS TC-C TO lOC-C. 

SLATED ROOFS. 




Front Elevation. 




Sidt Eltvttion. 



r F F f 



I 



W«/« 




V^H 



f(ooF Truss 



£L 



'^ ^flflf Truf 



iS! 



I 



■^ 



Plan of Bracing in Plane oF Bottom Chord. 




Pljn oF Bracing in Plant oF RooF 
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CONCRETE FOUNDATIONS. SHEDS WITH SLATED 
ROOFS AND BRICK-PANELLED WALLS. 

Basis : Earth pressure for Types 2 aad 4 : 3 tons per sq. ft. 
„ „ „ Type 3 : 1 ton „ „ 



For Side Stanohbons 12'-0' Cbntbes 


Span 


Height 


Type2 


Type3 


Type 


4 


^O'-C 


13'.4' 


D W B 
3'-6' X 2'-r X 2'-9' 


B W D 

2'-6' x2'-6' xr-3^ 


D W 
2'.6'x2'-9^. 


B 
X 2'.9' 


SO'-C 


16'-8' 


4'-0'x3'-0'x3'-0' 


2'.10'x2'-10^Xl'-4^ 


3'-(rx3'-0' 


X 3'-0' 


eo'-c 


20'-0' 


4'-6'x3'-4'x3'-4' 


3'-2' x3'-2' Xl'.6' 


3'-4'x3'.4' 


X 3'-4' 


W'(f 


23'-4' 


6'.0'x3'-8'x3'-8' 


3'-6' x3'-6' xl'-6^ 


3'-8' X 3'-8' 


X 3'-8' 


SO'-C 


26'-8' 


6'.6'x4'.0'x4'-0-' 


3'-10'x3'-10'xr-8' 


4'-0'x4'-0' 


x4'-(r 


90'-0' 


30'-(r 


6'-0'x4'-3'x4'-3' 


4'.2' x4'-2' xl'-lO' 


4'-3'x4'.3' 


X 4'-3' 


IW'QT 


33'-4' 


6'.6'x4'-6'x4'-6' 


4'-6' x4'-6' x2'-0' 


4'-6'x4'-6' 


X 4'.6' 






For Side Stai 


TCHEONs 15'-0' Centres 




40'-0' 


IS'-i-' 


3'-6'x3'-3'x3'-3' 


2'-9' x2'.9' xl'-3' 


2'-9'x3'-3' 


X 3'-3' 


SO'-iT 


16'-8' 


4'.0-'x3'-8'x3'-8' 


3'-2' x3'-2' xl'-4' 


3'-0' X 3'-6' 


X 3'-6' 


eo'-o* 


20'-0' 


4'-6' X 4'-0' x 4'-0' 


3'-6' x3'-6' xl'-6' 


3'-4'x3'-10- 


'X3'-10' 


TO'-O* 


23'-4' 


6'-0' X 4'-4-' X 4'-4' 


3'-10'x3'-10'xr-6' 


3'-8'x4'-2' 


X 4'-2' 


80'-0' 


26'-8' 


6'.6'x4'-9'x4'-9' 


4'-3' x4'-3' xr-8' 


4'-0'x4'-6' 


X 4'-6' 


90'-0' 


30'-0' 


6'-0' X 6'-2' X 6'-2' 


4'-9' x4'-9^ Xl'-lO' 


4'-3'x4'-9' 


X 4'-9' 


lOO'-O* 


33'.4' 


6'-6'x6'-6'x6'-6' 


5''(f x6'-0' x2'-0' 


4'-6' X 5'-0' 


X 5'-0' 


Gablb Stanghbons 








13'-4' 
16'-8' 


W B D 

r-6'xr-6'xr-3' 

l'-9'Xl'-9'xr-6' 
2'-0'x2'-0-'xl'-6' 










T 


TO'-C 


23'-4' 


2'-0'x2'-0'xr-6' 




•• • 

• • 


•• • • 


1 

D 




80'-0' 


26'-8' 
30'.0' 


2'-0'x2'.0^Xl'-6' 
2'-3'x2'.3'xr-9' 


\ 


> • • . 


'^ 








lOO'C 


33'-4' 


2'-3' X 2'.3'' X 2'-0' 







Sheet 4/27 



92 THE PRACTICAL DESIGN OP STEEL-FRAMED SHEDS 

STANDARD SECTIONS FOR SIDE STANCHEONS. 

Type 8. — ^The maximum bending moment occurs at the ground- 
level, the imit amount — ^ignoring effect of wall — ^being found as 
follows : — 
Vertical load Wo »s21008 lbs. 1 

„ .. Wi =860 lbs. } 570-08 lbs. (total). 

HN =37126 lbs. 

Leverage of HN=4'-0''. 

Proportion of HPS =20 lbs. 

Leverage of HPS=4'-0^ 

BM =(HN+HPS) X 4'-0^=(37-126+20) X 48^=2742 inch-lbs. 

Type 8. — ^The maximum bending moment occurs at the connection 
of the stay to the stancheon, the unit amount — ignoring effect of wall 
— being found as follows : — 

Vertical load =532-26 lbs. 
Horizontal reaction at foot =62 -125 lbs. 
Leverage of do . = 36"^. 

BM=62-126x36''=2236-6 inch-lbs. 

Type 4. — ^The maximum bending moment will be assumed as 
situated at the ground-level, and the unit amount — ^ignoring effect of 
wall — ^may be found as follows : — 

Vertical load =549*47 lbs. 

Horizontal reaction at point of contraflexure =54-625 lbs. 

Leverage of do. =l'-6^ 

Side wind on portion below point of contraflexure = 1 J x 20 =30 lbs. 

Leverage of do. =9^^. 

BM=(54-625 x 18'')+(30 X 9'') =1253-25 inch-lbs. 

The resistance to overturning of the wall itself, being of small 
moment, has been ignored in the foregoing calculations. 

The total vertical loads and also the total bending moments may 
be found by the formulse described in the foregoing chapter. These 
loads and bending moments together with the sections recommended 
are tabulated hereafter on Sheets 4/19, 4/20, and 4/21, the sections 
being subjected to the same stress per sq. inch as before for 
Chapter II. 

The method previously described for increasing the utility of the 
standard sections may also be applied here. 
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STANDARD SECTIONS FOR SffiE STANCHEONS. 



TYPE 8. 



SLATED ROOFS. 




Type 2 








Stakoheons 12'-0' Centbbs 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0' 


13'-4' 


lbs. 
570 


inoh-lbe. 
2472 


40 


133 


Ibe. 
22800 


inoh-lbe. 
364686 


lbs. 
10' X 6" X 30' 


scr-o' 


16'-8' 


»» 


tf 


60 


208 


28600 


670336 


12'x6'x39 


60'-0' 


20'-0' 


» 


»> 


60 


300 


34200 


822600 


14' X 6' X 46 


70'-0' 


23'-4' 


» 


»> 


70 


408 


39900 


1118736 


14' X 6' X 67 


W'O' 


26'-8' 


» 


»> 


80 


633 


46600 


1461486 


18'X7'X76 


W-O" 


30'-0' 


»> 


>> 


90 


676 


61300 


1860860 


18'x7'x76 


IW'if 


33'-4' 


»» 


»» 


100 


833 


67000 


2284086 


20'X7J'X89 


Tn 


rpB 2 








Stakc 


;hbon8 U 


y-(y Cbntbbi 


i 


40'-(r 


13'-4' 


»» 


•> 


60 


167 


28500 


438720 


10' X 6' X 30 


50'-0' 


16'-8' 


»» 


i> 


62-5 


260 


36626 


712920 


12'x6'x39 


eo'-o-' 


20'-0' 


r» 


» 


76 


376 


42760 


1028260 


14' X 6' X 67 


70'-0' 


23'-4' 


»> 


»> 


87-6 


610 


49876 


1398420 


16'x6'x62 


80'-0' 


26'-8' 


»> 


>» 


100 


667 


67000 


1828914 


18'x7'x76 


90'-0' 


30'-0' 


r» 


»» 


112-6 


844 


64126 


2314248 


20' X 7 J' X 89 


lOO'-O' 

.. . 


33'.4-' 


f* 


•» 


126 


1042 


71260 


2867164 


24' X 7 J' X 100 
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STANDAKD SECTIONS FOR SIDE STANCHEONS. 



TYPE S. 



SLATED ROOFS. 




Typb 3 


Stanoheons 12 


'-0' Centres 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0' 


13'.4' 


lbs. 
533 


inch-lbs. 
2237 


40 


133 


lbs. 
21320 


inoh-lbs. 
297521 


lbs. 
8-'x5'x28 


60'.0' 


le'-S' 






50 


208 


26650 


465296 


10' X 5' X 30 


60'-0' 


20'-0' 






60 


300 


31980 


671100 


12'x5'x39 


70'-0' 


23'-4' 






70 


408 


37310 


912696 


14' X 6* X 46 


80'-0* 


26'-8^ 






80 


533 


42640 


1192321 


15'x6'x59 


OO'-O* 


30'-0' 






90 


675 


47970 


1509975 


18' X 7' x 75 


IpO'-O' 


33'-4' 






100 


833 


53300 


1863421 


18'x7'x75 


Til 


TE 3 


Stanc: 


OEONS 15 


'-0' Centri 


ss 


iO'-O' 


13'-4' 




f> 


50 


167 


26650 


373579 


10' X 5' X 30 


60'-0' 


le'-S" 




>» 


62-5 


260 


33312 


581620 


12'x5'x39 


60'-0' 


20'-0' 




i> 


76 


375 


39975 


838875 


14' X 6' X 46 


70'-(r 


23'-4' 




»f 


87-6 


510 


46637 


1140870 


14'x6'x57 


80'-0' 


26'-8' 




»» 


100 


667 


53300 


1492079 


18* X 7' X 75 


90'-0' 


30'-0' 




»» 


112-5 


844 


59962 


1888028 


18'x7'x75 


lOO'-O* 


33'-4' 


99 


*f 


125 


1042 


66625 


2330954 


20' X 7i' X 89 



Sheet 4/20 
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STANBARD SECTIONS FOR SIDE STANCHEONS, 



TYPE 4. 



SLATED ROOFS. 




Type 4 






Stanoheons 12'-0' 


Centres 




Span of 
Shed 


Heiffht 
of Sned 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


4a'-0' 


13'-4' 


lbs. 
550 


inch-lbe. 
1254 


40 


133 


Ibe. 
22000 


inch-lbe. 
166782 


Ibe. 
8'x4'xl8 


SO'-C 


16'.8^ 


»9 


»» 


50 


208 


27500 


260832 


8'x5'x28 


60'-(r 


20'-()' 


ft 


99 


60 


300 


33000 


376200 


10'X6'X30 


7(/-(r 


23'-4' 


>» 


l> 


70 


408 


40500 


511632 


12'X5'X39 


SO'-C 


26'-8' 


If 


M 


80 


533 


44000 


668382 


12'x5'x39 


OO'-O* 


SO'-O* 


»> 


»> 


90 


676 


49500 


846450 


14' X 6' X 46 


lOO'-C 


33'-4' 


>r 


f» 


100 


833 


55000 


1044582 


14'x6'x57 


Tn 


TK 4 






Stanchboki 


J 15'-0' C 


/ENTBBS 




40'-()' 


13'-4' 


»r 


»» 


50 


167 


27500 


209418 


9'x4'x21 


SO'-C 


16'-8^ 


rr 


l» 


62-5 


260 


34375 


326040 


8'x5'x28 


ec-o* 


20'-0' 


»f 


»> 


75 


375 


41250 


470250 


10'X5'X30 


TO'-C 


23'-4^ 


*9 


»r 


87-5 


610 


48125 


639540 


12'x5'x39 


SCK-C 


26'-8^ 


9f 


»» 


100 


667 


55000 


836418 


14'x6''x46 


w-o^ 


30'-0' 


9» 


>i 


112-6 


844 


61875 


1058376 


14'x6'x57 


KKT-O* 


33'-4' 


9t 


f» 


125 


1042 


68750 


1306668 


16'x6'x62 



Sheet 4/21 
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STANDARD SECTIONS FOR ROOF PURLINS. 

The forces acting on the purlins are those due to wind^ to the 
weight of the purlins, and to the weight of the covering, the amount 
being found as follows :— 

Wind : Normal pressure = 21 1 lbs. per sup. ft. 

Covering : Weight = 12 lbs. per sup. ft. 

Purlin : Weight =say, 6| to 11 lbs. per ft. run according to span. 

Assuming a constant spacing of 4^-6' and also the weight as acting 
normally to the roof slope (to be correct, the effect of the normal equiva- 
lent of the vertical force plus the component at the angle of the roof 
slope should be taken, but the latter may be considered as taken up 
by the roof covering, hence the foregoing assumption), then the above 
forces per foot run will be : — 

Wind=21Jx4'-6'=961bs. 
Covering=12 x 4'-6''=54 lbs. 
Purlin =6i lbs. to 11 lbs. 

CALCULATIONS FOR PURLINS 12'.0'' SPAN. 

W=(160+6-5) X 12 = 1878 lbs. 

T.„ 1878x144 ^^ ^. . . , „ 
BM= =33,804 mch-lbs. 

MR =BM =33,804 inch-lbs. 
MS=MR-^F. 

F = 16,800 lbs. per sq. inch, 
j^g ^33,804^ 

16,800 
The nearest suitable British Standard Joist Section is 4}''xlK 
xQi lbs. with a maximum MS of 2*85, therefore the actual stress 

will equal '^^ =11,861 lbs. per sq. inch. 

2*86 

CALCULATIONS FOR PURLINS 15'.0" SPAN. 

W=(160+ll)x 15=2415 lbs. 

^^ 2415x180 R. ooQ • u iiv 
BM= =54,338 mch-lbs. 

o 

64^^ 

16,800 
The nearest suitable British Standard Joist Section is 5'^x3' 
X 11 lbs. with a maximum MS of 5-4, therefore the actual stress will 

equal ' . = 10,063 lbs. per sq. inch. 

5'4 



THE STANDARDIZING OF SHED-MEMBERS 97 

Owing to the narrowness of the flanges of the joist purlins there 
will be a tendency to sag in a direction parallel to the rafter, but this 
objection may be overcome by using a timber fillet of suitable width, 
i.e. 4"^ for 12 ft. spans and 5"^ for 15 ft. spans, such fillet being made 
of suitable thickness — ^usually 2" — ^for the attachment of the roof 
boards or spars as the case may be. 

End Framing. — ^The method for the determination of the stresses and 
sections is described in Chapter II, and this method has been adopted 
in the calculations for the members tabulated on Sheets 4/22 and 4/23 for 
40 to 60 ft. spans, and on Sheets 4/24 and 4/25 for 70 to 100 ft. spans. 

Comparing the arrangements of members for brick-panelled walls, 

it will be noted that brace " B^ " and strut " S* " are not considered 
necessary, the action of these being superseded by the brickwork. 

Foondationfl. — ^The sizes of the side and gable foundations for the 
various types and spans are given on Sheet 4/27, and have been 
calculated for the same earth pressures specified in the previous 
chapters, i.e. 3 tons per square foot for Types 2 and 4, and 1 ton per 
square foot for Type 3. 



98 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 



STANDARD SECTIONS FOR SPANS 40 TO 70 FT. 

TYPE 2. 



SLATED ROOFS. 




1 

1 


40'-0^ 
Span 


50'-0' 
Span 


60'-0' 
Span 


70'-0' 
Span 


1 
1 


2/2^x2* Xi' JL 


2/3' X2' Xi' JL 


2/3' x2i'xA' JL 


2/3i'x2i'xA'JL 




A 


(2/3'x2i'xA'JL) 


(2/3J'x2t'xA'JL) 


(2/3i'x2i'xr JU 


(2/4' X3' Xi' JL) 




2 


1/3^ X2-' xj' L 


2/2i'x2' Xj' JL 


2/2i'x2' Xj' JL 


2/3' X2' Xi' JL 


• 


3 


l/2i'x2' xrL 


2/2i'x2' XJ' JL 


2/2J'x2' xJ' JL 


2/2i'x2' Xi' JL 


1 


4 


l/2i'x2' xJ'L 


l/2J'x2J'xJ'L 


1/3' x3' xi'L 


2/2i'x2' Xi' JL 


k 




1/2* xi'Flat 


1/2' X J' Flat 


l/2J'xJ'Flat 


l/2J'xi'Flat 


b 

09 


6 


1/2' x2' xJ'L 


l/2J'x2J'xJ'L 


l/2i'x2J'xJ'L 


1/3' X3' Xi'L 




7 


1/2' x2' xi'L 


1/2' x2' xJ'L 


1/2' x2' xJ'L 


1/2' x2' Xi'L 




8 


1/3' x3' xJ'L 


1/3' X3' xA'L 


i/3i'x3j'xVL 


2/3' X2' Xi' JL 




1 


2/3* X2' Xj' JL 


2/3' x2' xA' JL 


2/3i'x2i'xA'JL 


2/4' X3' xA' JL 




(2/3' X2J'XA' JL) 


(2/3J'x2J'xi'JL) 


(2/4' X3' X|' JL) 


(2/6' X3' X|' JL) 




2 


.1/3' x2j'xi'L 


2/2i'x2' xJ' JL 


2/3' X2' Xj' JL 


2/3' X2j'xi' JL 


• 


3 


1/2J'X2' xJ'L 


2/2J'x2' Xj' JL 


2/2J'x2' xi' JL 


2/2J'x2' Xi' JL 


1 


4 


1/3' x2' xi'L 


1/3' x3' xJ'L 


2/2J'x2' Xi' JL 


2/2i'x2' Xi' JL 


8 


5 


1/2' x J' Flat 


1/2' X J' Flat 


l/2J'xi'Flat 


l/2J'xi'Flat 


o 

1 

to 


6 


1/2' x2' xJ'L 


l/2i'x2J'xJ'L 


l/2J'x2J'xi'L 


1/3' x3' xi'L 




7 


1/2' X2' xJ'L 


1/2' x2' xJ'L 


1/2' x2' xi'L 


1/2' x2' Xi'L 




8 


1/3' X3' xJ'L 


1/3' x3' xA'L 


l/3i'x3j'xA'L 


2/3' X2' xi' JL 





Sheet 4/15 

Sections in brackets for Member *' 1 '* allow for flexural stress due to purlin in addition to 
** principal " stress. 
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STANDARD SECTIONS FOR SPANS 40 TO 70 FT. 

TYPES 8 AND 4. 



SLATED ROOFS. 




*^ Lon^itudinmi 



i 
1 


Span 


SO'-C 
Span 


GO'-O' 
Span 


70'-0' 
Span 


1 

<5 


1 


2/2J'x2^ xr JL 


2/3' X2j'xi' JL 


2/3J'x2J'xA'JL 


2/3i'x3' XA' JL 


X 


(2/3' x2i'xA' JU 


(2/3i'x3' XA' JL) 


(2/4' X3' XA'JL) 


(2/6'x3'xA' II ) 




2 


2/2i-'x2J'xr JL 


2/2J'x2' Xi' JL 


2/2J'x2' Xi'JL 


2/3' X2' xi' II 




3 


2/2J'x2J'xr JL 


2/2J'x2' Xi'JL 


2/2J'x2' Xi'JL 


2/2J'x2' Xi'JL 


t 


4 


2/2J*x2' Xi' JL 


2/2J'x2' Xi' JL 


2/3' x2' Xi'JL 


2/3J'x2i' Xi'JL 


1 


5 


1/2* X J' Flat 


1/2' xi'Plat 


1/2J' Xi'Flat 


1/2J' Xi'Flat 


O 


6 


i/r x2' xJ'L 


1/21' x2i' Xi'L 


l/2i'x2J'xi'L 


1/3' X3' Xi'L 


1 


7 


1/2' x2' XJ'L 


1/2' X2' Xi'L 


1/2' x2' Xi'L 


1/2' x2' Xi'L 




8 


1/3' x3' xi'L 


1/3' x3' xA'L 


2/2J'x2' Xi'JL 


,2/3' X2' Xi'JL 




9 


2/3' X2' Xj' JL 


2/3' x2i'xi' JL 


2/3' x3' xi'-jL 


2/3' X3' xA'-i^ 




1 


2/3' X2' XJ' JL 


2/3' x2i'xA' JL 


2/3J'x3' XA' JL 


2/4' x3J'xA'JL 




X 


(2/3j'x2i'xA'JL) 


(2/4' X3' XA' JL) 


(2/4J'x3' XA' JL) 


(2/6' X3' Xi'JL) 




2 


2/2J'x2J'xJ' JL 


2/2J'x2' Xi' JL 


2/3' x2' Xi'JL 


2/3' X2J' Xi'JL 




3 


2/21'x2J'xJ'JL 


2/2J'x2' Xi'JL 


2/2J'x2' Xi'JL 


2/2J'x2' Xi'JL 


• 


4 


2/2J'x2' XJ' JL 


2/2J'x2' Xi'JL 


2/3' X2' Xi'JL 


2/3 J' X 2 J' X i' JL 


1 


5 


1/2' xi'Flat 


1/2' xi'Flat 


1/2J' xi'Flat 


l/2i' Xi'Flat 


O 

1 


6 


l/2J'x2J'xJ'L 


1/3' X3' Xi'L 


1/3' x3' Xi'L 


1/3' x3' xA'L 




7 


1/2' X2' xi'L 


1/2' x2' xi'L 


1/2' x2' Xi'L 


1/2' X2' Xi'L 




8 


1/3' x3' xA'L 


1/21' X 2' xi'L 


2/3' X2' Xi'JL 


2/3i' X 2i' X i' JL 




9 


2/3' x2' Xi' JL 


2/3i'x2J'xi' JL 


2/3' X3' XA'-]*- 


2/3' X3' Xi'-jl- 





Shsxt 4/16 

Sections in brackets for Member ** 1 '* allow for flezural stress due to purlin in addition to 
principal " stress. 
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STANDARD SECTIONS FOR SPANS 70 TO 100 FT, 

TYPE 2. 



SLATED ROOFS. 




1 

1 


70'-0' 
Span 


SO'-O' 
Span 


Span 


lOO'-O' 
Span 


1 


2/3J'x2rxA'JL 


2/3i'x3' XA* JL 


2/4' x3i'xA'' JL 


2/6' X3' xA' JL 




(2/4* X3' XA' JL) 


(2/5' X3' XA'JL) 


(2/6' X3' X|' JL) 


(2/6' X3' X|' JL) 




2 


2/2J'x2-' Xi' JL 


2/3' X2' Xi' JL 


2/3' X2i'xi' JL 


2/3J'x2J'xi' JL 


1 


3 


2/2i'x2^ Xi' JL 


2/2J'x2' Xi' JL 


2/2i'x2' Xi' JL 


2/2J'x2' Xi' JL 


4 


2/2J'x2' Xf JL 


2/2i'x2' Xj' JL 


2/3' X2' Xi' JL 


2/3' X2' Xi' JL 


1 


5 


l/2i'xi'Flat 


l/2i'xi'Plat 


l/2i'XA'Flat 


1/2J'XA'F1A^ 


6 


2/2J'x2' Xf JL 


2/2i'x2' Xi' JL 


2/3' X2' Xi' JL 


2/3i'x2i'xi' JL 




7 


1/2' x2' xi'L 


1/2J'X2' Xi'L 


1/2J'X2' Xi'L 


1/3' X2' Xi'L 




8 


2/3' X2' Xi' JL 


2/3' X2i'xi' JL 


2/3i'x2J'xi' II 


2/3i'x3' XA" JL 




1 


2/3rx2J'xA'JL 


2/3J'x3' xr JL 


2/4' X3i'xr JL 


2/5' X3' Xi' JL 




X 


(2/4* x3rxA'JL) 


(2/6' X3' xr JL) 


(2/6' X3' XA' JL) 


(2/6' X3' Xi' JL) 




2 


2/3' X2j'xi' JL 


2/3' X2' XA* JL 


2/3' x2i'xA' JL 


2/3J'x2J'xA'JL 


• 


3 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


1 


4 


2/3' X2' Xi' JL 


2/3' X2i'xi' JL 


2/3J'x2J'xi' JL 


2/3' x2i'xA' JL 


1 


5 


l/2i' X i' Flat 


l/2i'xi'Flat 


l/2i'XA'Plat 


l/2i'xA'Flat 


o 


6 


2/2J'x2' Xi' JL 


2/3' X2' Xi' JL 


2/3' X2j'xi' JL 


2/3J'x2J'xi'JL 




7 


1/2J'X2' xJ'L 


1/3' X2' Xi'L 


1/3' x2J'xi'L 


i/3i'x2j'xi'L 




8 


2/3' X2' XA' JL 


2/3' x2i'xA' JL 


2/3J'x2j'xA"JL 


2/3i'x3' XA' JL 





Sections in brackets for Member " 1 " allow for flezural 
principal " stress. 
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STANDARD SECTIONS FOR SPANS 70 TO 100 FT. 

TYPES 3 AND 4. 



SLATED ROOFS. 





^^ 


P^ 


^^2l'^»ft^nat suspender 




^^i^ HsngiMinm^lJiBf ^^*s, 




£ 70'-(r 

g span 


80'-0* 
Span 


90'-0* 
Span 


lOO'-O* 
span 


1 


2/3i'x2i'xA'jL 


2/3i*x3* XA* JL 


2/5* X 3* XA* JL 


2/6* X4' XA* JL 


(2/4' X3' XA' JL) 


(2/6* X3* XA* JL) 


(2/6* X31*xr JL) 


(2/6* X31*xr JL) 




2 2/r xr xr JL 


2/3* X2i'xj* JL 


2/31*x21*xl' JL 


2/3* X2* XA' JL 




3 2/21'x2' Xj* JL 


2/2J*x2' Xj* JL 


2/21' X 2* Xl* JL 


2/21* X 2* Xl' JL 


1 


4 2/3rx2J'xJ' JL 


2/4* X2J*xJ* JL 


2/4* X3* XA' JL 


2/4i*x3l'xA'JL 


6 l/21'xJ'|Flat 


l/21*xJ'Flat 


1/21' X A' Flat 


1/21' X A' Flat 


1 


6 2/21'x2' Xj' JL 


2/21* X 2* Xj' JL 


2/3* X2* Xl' JL 


2/31'x21'xl* II 


94 


7 i/r x2' xj'L 


1/21* X 2* xJ'L 


1/21* X 2* xl*L 


1/3* X2' xl'L 




8 2/3* x2' Xj' JL 


2/3' X2i'xj' JL 


2/31*x21*xl* II 


2/31' X 3* XA* II 




9 2/3* x3' Xj'-lp 


2/3J'x3J'xA' -"p 


2/4' X4' xA* -"p 


2/5' X4' XA' -'p 




2/31'x2i'xr JL 


2/31' X 3' xr JL 


2/6' X3' Xl' JL 


2/6' X4' xl' II 


(2/4* X3rxr II ) 


(2/6* X3' X|* II ) 


(2/6' X3' XA'JL) 


(2/6* X31'xl* JL) 




2 2/3' X2' XA' II 


2/3* X21*XA' JL 


2/31'x21'xA'JL 


2/31* X 3* XA' JL 




3 2/2i*x2' Xj' JL 


2/21* X 2* Xl* JL 


2/21* X 2' Xl' JL 


2/21* X 2* Xl* JL 


i 


4 2/3i'x21'xr JL 


2/4* X21*xl' JL 


2/4' X3' xA' II 


2/4l*x31*XA'JL 


fi i/2i'xA'Plftt 


l/2^'X^'FlAt 


1/21' X A' Flat 


1/21'xA'Flat 




6 2/2i*x2' Xj* JL 


2/3* X2* Xl' JL 


2/3* X21*xl* JL 


2/31'x21*xl* JL 


i 


7 1/2^x2* XJ'L 


1/3* X2* Xl*L 


1/3* x21*xi*L 


1/31' X 21* Xl'L 




8 2/3* X2* XA* JL 


2/3* X21*XA' JL 


2/3l*x2l*xA'JL 


2/31' X 3' XA'JL 




9 2/3* X3* xA'-'p 


2/31*x31*Xf*-'p 


2/4* X4* xr-lp 


2/6' X4' Xl'-lp 





Sheet 4/18 

Sections in brackets for Member " 1 *' allow for flezural stress due to purlin in addition to 
"principal" stress. 



102 THE PRACTICAL DESIGN OF STEEL-FBAMED SHEDS 



SECTIONS FOR 40 FT. TO 60 FT. SPAN 

GABLE FRAMES AND BRACINGS 
TO SUIT PRINCIPALS 12 FT. CENTRES. 



SLATED ROOFS. 




Front Elevition. 
Gabh frsmt 



Principal 
Plan. 





Side Elevation. 



Mbmbsr 


40'-0' Span 


50'-0' Span 


60'-0' Span 


Upright U 


9-^ x4' x211b8.I 


10' X 5' X 30 lbs. I 


12' X 6' X 32 lbs. I 


„ III 


10* X6' X 30 lbs. I 


12* x5* X 32 lbs. I 


12' x6' X 44 lbs. I 


Rafter B 


l/r x3' xrL 


1/6* X 3* xfL 


1/6' X 4' xl'L 


Strut S^ 


2/3' x2' xj'nr 


2/3' X 2' xj'nr 


2/3' x2j'x J* nr 


Rail R^ 


1/6* X2t'n 


i/6'x2i'n 


i/6'x2j'n 


Brace B^ 


l/2i'x2' xi'L 


i/3-'x2' xJ'L 


l/3'x3' xJ'L 


.. b2 


l/2i'x2' xi'L 


1/3'X2' Xj'L 


l/3'x2' xJ'L 



Sheet 4/22 
NoTS.— Uprights U and U^ will suit a 9' wall best if the depth is not less than 12'. 
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SECTIONS FOR 40 FT. TO 60 FT. SPAN 

GABLE FRAMES AND BRACINGS 
TO SUIT PRINCIPALS 16 FT. CENTRES. 



SLATED ROOFS. 




Tront Elevation. 
Gtbh fnmt 



Principal 
Plan. 





■\ 


R* 




A 









Side Elevation. 




MXMBEE 


40^-0' Span 


60'-(r Span 


eO'-O' Span 


Upright U 


V XV x211bs.I 


10* X6'x301b8.1 


12' X6' x321b8.I 


.. IT* 


l<r x6' x301b8,I 


12' X6' X321b8.1 


12' X6' X441b8.1 


Rafter B 


1/4' x3' Xl'L 


1/6' x3' xf'L 


1/6'X4' x|'L 


Strut S 


2/3^ X 2 J* xrnr 


2/3J' x2j'x J' nr 


2/3'x2j'xi'nr 


RaU R^ 


1/6' X3'n 


1/6* x3'n 


1/6' X 3' n 


Braoe B^ 


l/2J'x2' XJ'L 


1/3' x2' xJ'L 


1/3' X 3' xi'L 


„ b2 


1/2J'X2' Xi'L 


1/3' X2' xJ'L 


1/3'X2' xJ'L 



4/23 



NoTB. —Uprights U and U^ will suit a 9' wall best if the depth is not leas than 12'. 



CHAPTER V. 

STAKDASD SBCnONS FOB SHEDS WITH OPEN SIDES AND GABLES. 

SLATED BOOFS. 

The procedure of this chapter follows very closely that of Chapter 111, 
whilst both chapters are an adaptation of the one preceding each. 

Adopting the same symbols and data as last chapter, the force 
constants for, and amount of, reactions will be as follows : — 

Type 8, Frinelpals (SO"" pitch). 

Total upward reaction at WRP=5+'^" ^^ = ^25-82 +84-8 

=210-08 lbs. 

Total upward reaction at LRP=5+-289 NP = 126-82+42-9 

= 16818 lbs. 

Total horizontal reaction at WBP and LItP = -26 NP = •26x148-5 
=37126 lbs. 

Type 8, Tnuunrane Fiums. 
Total upwaxd reaction at WRT=|+(^=li36^±:5Z!S?)^^^ 

=126-28+60-3=186-68 lbs. 
Total upward reaction at LRT =W^ /-SSe^C+^eTTS^ ^ ^ ^ j2g, 

+67-3=192-68 lbs. 
Total horizontal reaction at WBT and LBT = -26 NP =37-126 lbs. 

Type 4, Thuunrene Fnines. 

Total upward reax^tion at WBT=f +(^-(-^^«^+-^^^S'> x Vn) 

= 126-28+69-39 = 194-67 lbs. 
Total upward reaction at LRT = W ^ /;3364C+577S5 ^ .^^^N ^ ^ g^.^g 

+68-308=183-688 lbs. 

Total horizontal reaction at WBT and LBT = -26 NP =37-126 lbs. 

104 
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STANDARD SECTIONS FOR SHEDS 105 

The only difference in the stresses in the principal members for the 
two classes of sheds, i.e. open and closed sheds, is that in the bottom 
chord, such difference being due to the absence (in the open-shed type) 
of that portion of the side-wind force — acting on the closed-shed type 
— ^transmitted from the windward to the leeward side. The effect of 
this force being that of counteracting and therefore reducing the 
tensile force in the bottom chord, it follows that the total stress in the 
latter member may be found by adding this force to the tabulated 
stresses given in the preceding chapter, and as the tabulated sections 
have, for practical reasons, been made sufficient for this purpose, the 
sections given for the closed type may be adopted for use in the open 
type of shed. 

Side StancheoDB. — ^The horizontal forces, and therefore the bending 
moments, are of course much less for the open type than for the closed 
type sheds. The unit stresses for the various types are given hereafter. 

Type 2. — ^The maximum bending moment occurs at the ground- 
level, the unit amount being found as follows : — 

Maximimi vertical load occurs at WRP and equals 210*08 lbs. 
Horizontal reaction at WRP=37125 lbs. 
Leverage of do. =4'-0*'. 

BM=37125x48'' =1782 inch-lbs. 

Type 8. — ^The mayimum bending moment occurs at the connection 
of the stay to the stancheon, the unit amount being found as follows : — 

Maximum vertical load occurs at LRT and equals 192*58 lbs. 

Horizontal reaction at LRT =37*125 lbs. 

Leverage of do. =3'-0^ 

BM =37*125x36' =1336-5 inch-lbs. 

Type 4. — ^The maximum bending moment occurs at the connection 
of the stay to the stancheon as for l^:pe 3, the unit amount being found 
as follows : — 

Maximum vertical load occurs at WRT and equals 194-67 lbs. 
Horizontal reaction at WRT =37*125 lbs. 
Leverage of do. =r-6^ 

BM=37*125 X 18' =668*25 inch-lbs. 

Roof Bradng. — ^The functions of the roof bracing are the prevention 
of side flexure in the principal rafters and the stiffening of the frame- 
work during construction. For these purposes it is only necessary to 

use braces B^ and B^, and the sections of these members may be similar 
to those adopted for the closed type of sheds. 

Side Braees. — ^The fimction of these members is to eliminate 
distortion in the transverse frames due to the action of the horizontal 
forces acting at the reaction points WRT and LRT. 
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STANDARD SECTIONS FOR SIDE STANCHEONS. 



TYPE 2. 



OPEN SHEDS. SLATED ROOFS. 




TypmZ 



mUi cross Jtrmesnq 



Type 2 


Stangheons 12 


-0' Centres 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0' 


13'-4' 


lbs. 
210 


inch-lbs. 
1782 


40 


133 


lbs. 
8400 


iDch-lbs. 
237006 


lbs. 
8'x6'x28 


eo'-o* 


le'-S' 






60 


208 


10500 


370656 


12'x6'x32 


60'-0* 


20'-0' 






60 


300 


12600 


534600 


12'x6-'x44 


70'-0' 


23'-4' 






70 


408 


14700 


727066 


14-'x6-'x46 


SO'-O* 


26'.8' 






80 


633 


16800 


949806 


16'x6'x62 


90'-0' 


SO'-O' 






90 


675 


18900 


1202850 


18' X 7* X 76 


lOO'-O' 


33'-4' 


• 




100 


833 


21000 


1484406 


18'x7'x76 


TT2 


TE 2 


Stavcs 


[EONS 16' 


-0' Centbei 


3 


40'-0' 


13'-4' 






60 


167 


10500 


297594 


10'X5'X30 


SO'-O' 


16'-8^ 






62*6 


260 


13125 


463320 


12* X 5' X 39 


fto'-cr 


20'-0' 






75 


375 


15750 


668250 


14'x6*x46 


70'-0' 


23'-4' 






87-5 


510 


18375 


908820 


14' X 6' X 67 


SO'-O* 


26'-8' 






100 


667 


21000 


1188694 


18'x7'x76 


90'-0' 


30'-0' 






112-5 


844 


23625 


1504008 


18' X 7^x75 


lOO'-O* 


33'-4-' 






125 


1042 


26250 


1856844 


20'x7i'x89 



Sheet 6/1 
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STANDARD SECTIONS FOR SIDE STANCHEONS, 



TYPE 3. 



OPEN SHEDS. SLATED ROOFS. 



Wind 




♦ 1 



ttukiBmekm 
twTyp€£: 



Type 3. 



Typb 3 



8TAK0HBON8 12'-0' CeSTSBB 



Span of 
Shed 



Height 
of Shed 



Unit vert, 
load 



Unit 


Multipliers 


Total 
V.L, 


B.M. 


V.L. 


B.M. 


inch- lbs. 
1337 


40 


133 


Ibe. 
7720 




60 


208 


9660 




60 


300 


11680 




70 


408 


13610 




80 


633 


16440 




90 


676 


17370 




100 


833 


19300 



Total 
B.M. 



I Section 
Required 



40'-0' 


13'-4' 


Ibe. 
193 


eo'-o* 


16'-8' 






60'-0' 


20'-0' 






70'-0-' 


23'-4* 






80'-0' 


26'-8' 






90^-0* 


SO'-O* 






lOO'-O' 


33'-4^ 







inch-lbs. 
177821 

278096 

401100 

646496 

712621 

902276 

1113721 



lbs. 
9'x4'x21 

10^X6^X30 

12'x6'x32 

12'X6'X44 

14'X6^X46 

14* X 6' X 67 

16'X6'X62 



Type 3 



Stanohboks 16'-0' Cemtbbs 



40'-0' 


13'-4-' 




60'-0' 


16'-8* 




OO'-O* 


20'-0* 




70^-0' 


23'-4-' 




80^-0' 


26'-8' 




90'-0' 


ZO''(y 




lOO'-O* 


33'-4' 





»t 



>» 



9> 



»r 



» 



ft 



>» 



60 


167 


9660 


62*6 


260 


12063 


76 


376 


14476 


87-6 


610 


16888 


100 


667 


19300 


112-6 


844 


21713 


126 


1042 


24126 



223279 
347620 
601376 
681870 
891779 
1128426 
1393164 



8*X6'X28 
12''X6'X32 
12'X6'X44 
14' X 6' X 46 
14'x6'x57 
16'X6'X62 
18'x7'x76 



6/2 
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STANDARD SECTIONS FOR SIDE STANCHEONS. 



TYPE 4. 



OPEN SHEDS. SLATED ROOFS. 



Vfind 







•* ^ 



Type 3. 



Typb 4 






i 


Stakcheoks 12'- 


(f CENTBBfi 


1 


Span of 
Shed 


Height 
of Shed 


Unit vert, 
load 


Unit 
B.M. 


Multipliers 


Total 
V.L. 


Total 
B.M. 


I Section 
Required 


V.L. 


B.M. 


40'-0* 


13'-4' 


Ibe. 
195 


inch-lbe. 
669 


40 


133 


lbs. 
7800 


inch-lbs. 
88977 


lbs. 
7'X4'X16 


60'-(r 


16'-8* 


»f 


»> 


60 


208 


9760 


139162 


8'x4'xl8 


60'-0' 


20'-(r 


ft 


»• 


60 


300 


11700 


200700 


8'X5'X28 


70'-0' 


23'.4' 


tt 


»« 


70 


408 


13660 


272962 


10'x5'x30 


80'-(r 


26'.8' 


#f 


r» 


80 


633 


16600 


366677 


12*x6'x32 


90'-(r 


30'-0' 


t$ 


»t 


90 


676 


17660 


461675 


12'x6'x39 


lOO'-O* 


33'-4' 


i» 


t» 


100 


833 


19600 


667277 


12'x6'x44 


• 


Iypb 4 








Stance 


[SONS 16'- 


■0' Centrxj 


1 


40'-0' 


IS'-*' 


f» 


»» 


60 


167 


9760 


111723 


8'x4'xl8 


60'-0' 


16'-8' 


t» 


ft 


62-6 


260 


12188 


173940 


9'X4'X21 


60'-0' 


20'-0' 


99 


f> 


75 


376 


14626 


250875 


10* X 5' X 30 


70'-0' 


23'-4* 


99 


t> 


87-5 


610 


17063 


341190 


12'X6'X32 


80'-0* 


26'-8' 


»f 


»f 


100 


667 


19600 


446223 


12'x6'x39 


90'-0' 


30'-0' 


>» 


» 


112-6 


844 


21938 


564636 


12'X6'X44 


lOO'-O' 


33'-4' 


tf 


»> 


126 


1042 


24376 


697098 


14'X6'X46 



Sheet 5/3 
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If S^ = distance from WRP to connection of stay to stancheon, 

S2 =distance of WRP from WRT. 
RHP = horizontal force acting at WRT. 

A =angle of stay to horizontal = 18^^ 
Then the stress in the stay will be tensile at the windward side 
and compressive at the leeward side, and the amount will be : — 

RHPxS^ 

, X i5ec« A9 

Si 
The miit stress in the stay for Types 3 and 4 is as f oUows : — 



Type 8. — 



RHPxS2^^ . 37125x4 ,^^^ ,«^koiu 
xSec. A= X 1-054 = 156-52 lbs. 

Sl 1 

Type 4.— 

RHPxS2 ^^ . 37-125 x2i , ^^^ _ ._ ,, 
= xSec. A= r ^x 1-064 =97-825 lbs. 

Si 1 

The total stress for the various spans may be obtained by multi- 
plying the above unit stresses by the multipliers given in the preceding 
chapter for the roof members. 

Although the unit stresses given above are much less than those for 
the closed type of shed, the sections given for the latter will apply here, 

as these sections were determined by the ratio of :g, which, of course, 
remains the same. 

Root PnrUiis. — ^The sections of the purlins will be exactly like those 
for the closed type of shed. 

Side Foondations. — ^The sizes of the foundations for the various 
types and spans are given on Sheet 5/4, and have been calculated 
for the same earth pressures previously adopted. 
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CONCRETE FOUNDATIONS. 



OPEN SHEDS. SLATED ROOFS. 



Basis : Earth pressore for Tsrpes 2 and 4 : 3 tons per sq. ft. 

Type 3 : 1 ton „ »» 



»» 



»> 



»f 







Fob Side Stakcheons 


12'-0' 


Centres 






Span 


Haight 


Type 


2 




Type 


3 


Type 


4 


W'(y 


13'-4' 


D W 
3'-6'x2'-0* 


B 
X 2'-0' 


B 


W 

X 2'-0' 


D 
X l'-3' 


D W 

2'-6' X 2'-0' 


B 
X 2'-0* 


scK-cr 


16'-8* 


4'-0' X 2'-2-' 


X 2'-2^ 


2'-2' 


X 2'-2-' 


X l'-4' 


2'-9'x2'-2' 


X 2'-2' 


«0'-0' 


20'-(r 


4'-6' X 2'-4' 


X 2'-4' 


2^.4* 


X 2'-4' 


X l'-6' 


3'-0'x2'-3-' 


X 2'.3' 


W'O' 


23'-4-' 


5'.0' X 2'-6' 


X 2'-6' 


2'-6' 


X 2'-6' 


X r-6' 


3'-3*x2'-4' 


X 2'-4' 


80'-0' 


26'-8' 


5'-6' X 2'-8' 


X 2'-8' 


2'-8' 


X 2'-8' 


X l'-8' 


3'-6' X 2'-6' 


X 2'-6' 


90'-(r 


30'-0' 


6'-0'x2'-10' 


''X2'-10' 


2'- 10' 


'X2'.10'xl'-10' 


3'-9' X 2'-8' 


X 2'-8' 


lOO'-O' 


33'-4-' 


6'-6'x3'-0' 


x3'-(r 


3'-0' 


X3'.0' 


x2'-(r 


4'-0* X 2'-9' 


X 2'-9' 






For Side Stai7( 


THEONS 


16'-0' 


Centres 






40'-0' 


13'-4' 


3'-6'x2'-4' 


X 2'-4-' 


2'-6' 


X 2'-6' 


X l'-3' 


2'-6' X 2'-6' 


X 2'-6' 


60'.0' 


16'.8' 


4'-0' X 2'-6' 


X 2'-6-' 


2'-9' 


X 2'-9-' 


X r-4-' 


2'-9' X 2'-8' 


X 2'-8' 


60'-0' 


20'-0' 


4'-6-'x2'-9-' 


X 2'-9-' 


3'-0-' 


X 3'-0' 


X r-e* 


3'-0*x2'-10' 


'X2'-10' 


70'-(r 


23'-4' 


6'.0' X 3'-0* 


X 3'-0-' 


3'-2* 


X 3'-2* 


X r-6' 


3'-3' X 3'-0' 


X 3'-0' 


80'-0^ 


26'-8' 


6'-6' X 3'-2' 


X 3'-2' 


3'-4' 


X 3'-4-' 


X l'-8' 


3'-6^ X 3'-3' 


X 3'-3' 


90'-(r 


30'-(r 


6'-0' X 3'-4' 


X 3'-4-' 


3'-6-' 


X s'-e* 


X r-io' 


3'-9*x3'-4' 


X 3'-4' 


lOO'-O* 


33'.4* 


6'-6' X 3'-6' 


X 3'-6-' 


3'-9' 


X 3'.9' 


x2'-(r 


4'.0' X 3'-6' 


X S'-G' 



St^ncheon 




Sheet 5/4 



CHAPTER VI. 

STAKDABD STBBSSBS AND SBGTIONS FOB BIDGED-B007 PBINCIPALS. 

Types of Roof Frincipab. — ^Primarily, a ridged-roof principal is 
composed of two inclined rafters reacting against each other at their 
apex ; prevented from spreading at the supports by means of tie- 
rods connected to each shoe ; and supported by means of walls, 
girders, stancheons, or other means. 

With the principal simply loaded at the apex, and at each shoe, as 
is often the case with imncipals of small spajn, the effect of the load 
is to mutually apply pressure at the support, and also set up stresses 
in the rafters and tie. The nature of the stresses thus created is com- 
pressive in the rafter and tensile in the tie. These stresses may be 
termed " Principal Stresses." 

As the span increases, it becomes uneconomical to distribute the 
wind and roof loads direct to the apex and shoes, consequently these 
forces are appUed at one or more intermediate points as weU as at 
the extremities of the rafters. This distribution of forces and conse- 
quent transmission of these forces to the extremities of the rafters 
sets up bending action in the rafter, and the stress thus created in the 
rafter supplements the '' Principal Stress '* referred to above. 

This distribution of forces is most economically resisted by bracing 
the rafter, the arrangement of bracing being to a large extent dependent 
upon the number of points at which these forces are applied ; hence for 
spans of over 1 6 feet the simple truss is transformed into two inclined 
triangular-braced girders reacting against each other at their apex 
and prevented from spreading, and consequently thrusting out the 
walls or supports at their shoes. There are many types of ridged 
principals in use, aU of which, however (that is, all principals having 
the main tie horizontal or nearly horizontal), have evolved along these 
lines. This chapter will deal with the standardization of stresses and 
sections for types in common use, the outlines of which are given later. 

Reverting to the distribution of the roof forces over the rafter, 
the point at which the force is apphed should, where possible, coincide 
with the intersection of the lines of the centre of action of the braces 
with that of the rafter, that is, over a strut, otherwise flexural stress 
will be set up in the rafter. 

Stresses. — Recapitulating, and ignoring secondary stresses set up 
by changes of temperature, and the bending action due to the 

III 



112 THE PRACTICAL DESIGN OF STEEL-FRAMED SHEDS 

weight of the members spamiing from joint to joint, the stresses set 
up in, and to be resisted by, the principal members are : — 

(1) The ^' principal " or direct stresses in the rafters, and tie from 

shoe to shoe, due to the transmission to the supports of the 
apex load. 

(2) The secondary stresses set up in the braced rafters in trans- 

mitting the intermediate loads to the extremities of the 
rafters. 

(3) The further secondary stresses set up in the rafter, due to the 

bending action created by the situation of the purlin, if not 
placed directly over a strut. 

Stresses (1) and (2) are proportional to the span and distance apart 
of the principals, whilst stress (3) is variable according to the amount 
of the load from the purlin, and its position relative to that of the 
struts. Unit stresses may be calculated for stresses (1) and (2), from 
which the total stresses may easily be obtained. The lengths of the 
various members also vary as the span ; therefore, unit lengths may 
be calculated, from which the total length to suit any particular span 
may be easily found. 

The unit stresses and unit lengths for the various members of 
principals of different types and spans are given on Sheets 6/1 to 6/4 
for roofs sheeted or slated, and the total stresses on Sheets 6/5 to 6/8. 
These stresses have been obtained from stress diagrams prepared in 
accordance with the following data : — 

(1) Slope of roof for sheeted type taken as 24^^, and for slated 

type as 30°. 

(2) Span taken as the distance between the intersections — at either 

shoe— of the lines of the centre of action of the rafter, main 
tie, and support. 

(3) Wind pressure taken as 32 lbs. per square foot of roof surface 

of one slope, and acting in a horizontal direction, but reduced 
to its normal equivalent pressure per square foot, i.e. 18 lbs. 
for sheeted roofs (24^° slope), and 21| lbs. for slated roofs 
(30*^ slope), the wind pressure in each case being equally 
distributed over the whole of one slope of the roof. 

(4) Dead load per square foot for sheeted roofs made up as 

follows : — 

Roof principal . . 3^ lbs. * 

Purlins . . • li 

Roof covering . . 3 

Dead load per square foot for slated roofs made up as 
follows : — 

Roof principal . . 4 lbs. 
Purlins . . . 2 „ 

Roof covering . . 12 „ 

These loads are equally distributed over both sides of the roof. 
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' Total 8 lbs. 



Total 18 lbs. 
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(5) The effect of snow— owing to the high-wind pressure taken 

which is considered sufficient to clear the roof of snow — ^is 
ignored. 

(6) Purlins to be placed directly over a strut. 

(7) Shoes of principals considered as fixed ; therefore the amount 

of wind and dead load, transmitted to each support, is in- 
versely proportional to the distance from the supports of 
the point of intersection, of the resultant wind or dead load, 
with a horizontal line drawn through the reaction points. 
This method of finding the reaction is the most correct 
assumption, and is the one in general use. 

(8) Stresses due to changes of temperature, or initial stresses of 

any kind, are ignored. 

SeetioiiB. — ^The sections given on Sheets 6/9 to 6/12 have been 
determined by using the safe stresses given hereafter. Safe tensile 
stress taken as 16,800 lbs. (7^ tons) per square inch of net section. 

Safe compressive stress taken at 14,560 lbs. (6^ tons) per square 
inch of gross section, reduced by strut formula according to the ratio 

of ^, which is considered as limited to — r-^ 
Jcv 1 
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UNIT STRESSES FOR ORDINARY PRINCIPALS, 

SPANS 20 TO 25 FT. 




Slope of roof :— 
Slated roofs 80^ slope. 
Sheeted „ 24f 



>f 



Member 


Condition 
of Ends 


Cfv- • avawM^ 


m 1 




SLATED xxrjs 




Unit 
Length 


Unit Btrem 
in poimds 


Unit 
Length 


Unit strees 
in pounds 


1 

la 

2 

3 

4 

6 


B.E.F. 
B.E.F. 

O.E.F. 


3-464 

3-464 

3-8618 

4-2934 

3-8618 

1-7032 


+438 
+413 
-428 
-226 
-210 
+ 130 


3-2968 

3-2968 

3-624 

4-968 

3-624 

1-246 


+260 
+239 
-260 
-126 
-127 
+ 83 



+ denotes compression. 

— denotes tension. 

B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length x ^l^»length of member. 

12 
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UNIT STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 26 TO 40 FT. 




Rise of Tie 
I in 15 



Slope of POof : — 
Slated roofe SO"" slope. 
Sheeted „ 24}* 



ft 



Member 


Condition 
of Ends 


Slated Type 


Sheeted Type 


Unit 
Length 


Unit stress 
in pounds 


Unit 
Length 


Unit stress 
in'pounds 


1 

la 

lb 

2 

3 

4 

5 


B.E.F. 
B.E.F. 
B.E.F. 

O.E.F. 


2-309 

2-309 

2-309 

3-8618 

4-2934 

3-8618 

2058 


+340 
+267 
+296 
-332 
-155 
-170 
+ 100 


21979 

2-1979 

21979 

3-524 

4-968 

3-524 

1-666 


+298 
+240 
+282 
-300 
-128 
-174 
+ 77 



+ denotes compxession. 

— denotes tension, 

B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length x^^= length of member. 

12 
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UNIT STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 40 TO 60 FT. 




RiS9 or Tie 
lin tS 



Slope of roof : — 
Slated roo£i 30^ slope. 
Sheeted ,, 24^ 



»f 





Condition 
of Ends 


Slated Type 


Shbstbd Ttpb 


Unit 
Length 


Unit stress 
in pounds 


Unit 
Length 


Unit stress 
in pounds 


1 


B»£«F* 


1-732 


+420 


1-6484 


+316 


la 


B.E2.F. 


1-732 


+405 


1-6484 


+312 


lb 


B.E.F. 


1-732 


+390 


1-6484 


+306 


lo 


B»£.F« 


1-732 


+373 


1-6484 


+300 


2 




1-9309 


-405 


1-762 


-316 


2a 




1-9309 


-332 


1-762 


-266 


3 




4-2934 


-175 


4-968 


-128 


4 




1-9309 


-165 


1-762 


-132 


4a 




1-9309 


-240 


1762 


-192 


5 


O.E.F. 


•8516 


+ 65 


•6225 


+ 41 


6 


O.E.F. 


1-7032 


+130 


1-245 


+ 82 


7 




1-9309 


- 75 


1-762 


- 60 


8 




1-9309 


- 75 


1762 


- 60 



+ denotes compression. 

— denotes tension. 

B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free. 

Unit length x ^^^ = length of member. 
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UNIT STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 60 TO 80 FT. 




Rise of Tie 
liniS. 



Slope of loof : — Slated roofs 30^ dope. 

Sheeted „ 24^^' 



99 



Member 


Condition 
of Ends 


Slated Tyfb 


Shbetbd Type 


Unit 
Length 


UnitstreflB 
in pounds 


Unit 
Length 


Unit stress 
in pounds 


1 


B«£j»F. 


1-386 


+425 


1-3187 


+351 


la 


B.£«f^« 


1*386 


+413 


1-3187 


+347 


lb 


B.E.F. 


1-386 


+346 


1-3187 


+298 


Ic 


B.E.F. 


1-386 


+318 


1-3187 


+278 


Id 


B.E.F. 


1-386 


+306 


1-3187 


+274 


2 




1-5467 


-410 


1-4096 


-351 


2a 




1-5457 


-352 


1-4096 


-303 


2o 




1-5457 


-294 


1-4096 


-266 


3 




2-746 


-170 


3-562 


-143 


4 




1-722 


-145 


1-516 


-127 


4a 




1-722 


-190 


1-516 


-161 


6 


O.B.F. 


•6613 


+ 53 


-4978 


+ 33 


6 


O.EJF. 


1-3626 


+ 80 


-9956 


+ 60 


7 


O.E.F. 


2-0420 


+ 130 


1-4934 


+ 84 


8 


O.E.F. 


1-0219 


+ 53 


•7467 


+ 33 


9 




15457 


- 60 


1-4096 


- 48 


10 


t 


1-888 


- 76 


1-653 


- 60 


11 




1-722 


- 45 


1-516 


- 35 



+ denotes compression. 

— denotes tension. 

B.E.F. denotes both ends fixed. 

O.E.F. denotes one end fixed, other end free* 

Unit k«ga»X?^-IeDgth of member. 
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TOTAL STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 20 TO 25 FT. 




finis 



Slope of roof : — 

Slated roofs 30^ slope. 
Sheeted .. 24}'' 



»f 



»» 





Slated Tyfs 




nnAm^ 


20 ft. Span 


25 ft. Span 


20 ft. 


Span 


25 ft. Span 


ber 


12'.0' 
centres 


IS'-O* 
centres 


12'-0'' 
centres 


15'-0' 
centres 


12'-0' 
centres 


15'-0' 
centres 


12'-0' 
centres 


15'-0' 
centres 


1 


+8760 


+10950 


+10950 


+13685 


+5000 


+6265 


+6250 


+7813 


la 


+8260 


+10325 


+10325 


+12906 


+4780 


+5976 


+5975 


+7469 


2 


-8660 


-10700 


-10700 


-13375 


-5000 


-6265 


-6260 


-7813 


3 


-4500 


- 5625 


- 5625 


- 7032 


-2520 


-3150 


-3160 


-3938 


4 


-4200 


- 5250 


- 5250 


- 6563 


-2540 


-3175 


-3175 


-3969 


5 


+2600 


+ 3250 


+ 3250 


+ 4063 


+ 1660 


+2075 


+2075 


+2593 



+ denotes compression. 
— denotes tension. 
Stresses given are in pounds. 
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TOTAL STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 80 TO 40 FT. 




Slope of roof : — 

Slated roofs 30^ slope. 
Sheeted ,, 24}'' 



$» 





Slatbd Tyfb 




ber 


30 ft. Span 


40 ft. Span 


30 ft. Span 


40 ft. Span 


12^-0' 
centres 


16'-0' 
centres 


12'-0' 
centres 


16'-0' 
centres 


12'.0' 
centres 


16'.0-' 
centres 


12'-0' 
centres 


16'-0' 
centres 


1 

la 

lb 

2 

3 

4 

6 


+10200 
+ 8010 
+ 8880 

- 9960 

- 4660 

- 6100 
+ 3000 


+ 12760 
+ 10012 
+11100 
-12460 

- 6813 

- 6376 
+ 3760 


+ 13600 
+ 10680 
+ 11840 
-13280 

- 6200 

- 6800 
+ 4000 


+ 17000 
+13360 
+14800 
-16600 

- 7760 

- 8600 
+ 6000 


+8940 
+7200 
+8460 
-9000 
-3840 
-6220 
+2310 


+ 11176 
+ 9000 
+ 10676 
-11260 

- 4800 

- 6626 
+ 2888 


+ 11920 
+ 9600 
+11280 
-12000 

- 6120 

- 6960 
+ 3080 


+ 14900 
+ 12000 
+14100 
-16000 

- 6400 

- 8700 
+ 3860 



+ denotes eompiesaion. 

— denotes tension. 

Stresses given are in pounds. 
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SHEDS 



TOTAL STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 60 TO 60 FT. 




//n IS 



Slope of roof : — 

Slated roofs 30^ slope. 
Sheeted ,, 24}^ 



>» 





Slated Tyfb 




Shjebted Type 


• 


M^Fi- 


50 ft. 


Span 


60 ft. 


Span 


50 ft. 


Span 


60 ft. 


Span 


ber 


12'-0' 


15'-0-' 


12'-0' 


IS'-O* 


12'-0-' 


IS'-O* 


12'-0-' 


15'-0' 




centres 


oentres 


centres 


centres 


oentres 


oentres 


centres 


centres 


1 


+21000 


+26250 


+25200 


+31500 


+15800 


+ 19760 


+18960 


+23700 


la 


+20250 


+25312 


+24300 


+30376 


+15600 


+19500 


+18720 


+23400 


lb 


+ 10500 


+24375 


+23400 


+29250 


+15300 


+ 19125 


+18360 


+22960 


lo 


+ 18650 


+23312 


+22380 


+27974 


+ 15000 


+18750 


+ 18000 


+22500 


2 


-20250 


-25313 


-24300 


-30374 


-15800 


-19760 


-18960 


-23700 


2a 


-16600 


-20750 


-19920 


-24900 


-12800 


-16000 


-16360 


-19200 


3 


- 8750 


-10938 


-10500 


-13125 


- 6400 


- 8000 


- 7680 


- 9600 


4 


- 8250 


-10312 


- 9900 


-12374 


- 6600 


- 8260 


- 7920 


- 9900 


4a 


-12000 


-15000 


-14400 


-18000 


- 9600 


-12000 


-11520 


-14400 


5 


+ 3250 


+ 4063 


+ 3900 


+ 4876 


+ 2050 


+ 2563 


+ 2460 


+ 3076 


6 


+ 6500 


+ 8125 


+ 7800 


+ 9750 


+ 4100 


+ 5126 


+ 4920 


+ 6150 


7 


- 3750 


- 4688 


- 4500 


- 5625 


- 3000 


- 3750 


- 3600 


- 4500 


8 


- 3750 


- 4688 


- 4500 


- 5625 


- 3000 


- 3750 


- 3600 


- 4500 



+ denotes compression. 

— denotes tension. 

Stresses given are in pounds. 
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TOTAL STRESSES FOR ORDINARY PRINCIPALS. 

SPANS 70 TO 80 FT. 




KUt of Ti* 
I in IS- 



Slope of loof : — Slated roofs 30° dope 

Sheeted „ 24i<> 



»» 





Slated Tyfb 


Shbstbd Type 


ber 


70 ft. 


Span 


80 ft. Span 


70 ft. Span 


80 ft. 


Span 


12'-0'' 
oentres 


16'-0' 
centres 


12'-0' 
centres 


15'-0' 
oentres 


12'-0' 
centres 


15'-0' 
centres 


12'-0' 
centres 


15'-0' 
centres 


1 


+29760 


+37188 


+34000 


+42500 


+24670 


+30713 


+28080 


+36100 


la 


+28910 


+36138 


+33040 


+41300 


+24290 


+30363 


+27760 


+34700 


lb 


+24220 


+30276 


+27680 


+34600 


+20860 


+26076 


+23840 


+29800 


lo 


+22200 


+27825 


+25440 


+31800 


+ 19250 


+24063 


+22000 


+27500 


Id 


+21350 


+26688 


+24400 


+30500 


+ 19180 


+23975 


+21920 


+27400 


2 


-28700 


-36875 


-32800 


-41000 


-24570 


-30713 


-28080 


-36100 


2a 


-24640 


-30800 


-28160 


-35200 


-21210 


-26613 


-24240 


-30300 


2o 


-20580 


-25725 


-23520 


-29400 


-17850 


-22313 


-20400 


-25500 


3 


-11900 


-14875 


-13600 


-17000 


-10010 


-12513 


-11440 


-14300 


4a 


-13300 


-16625 


-15200 


-19000 


-11270 


-14088 


-12880 


-16100 


4 


-10160 


-12688 


-11600 


-14600 


- 8890 


-11113 


-10160 


-12700 


5 


+ 3710 


+ 4638 


+ 4240 


+ 5300 


+ 2310 


+ 2888 


+ 2640 


+ 3300 


6 


+ 5600 


+ 7000 


+ 6400 


+ 8000 


+ 3500 


+ 4375 


+ 4000 


+ 5000 


7 


+ 9100 


+ 11375 


+10400 


+ 13000 


+ 5880 


+ 7350 


+ 6720 


+ 8400 


8 


+ 3710 


+ 4638 


+ 4240 


+ 5300 


+ 2310 


+ 2888 


+ 2640 


+ 3300 


9 


- 4200 


- 5260 


- 4800 


- 6000 


- 3360 


- 4200 


- 3840 


- 4800 


10 


- 5260 


- 6563 


- 6000 


- 7600 


- 4200 


- 5250 


- 4800 


- 6000 


11 


- 3150 


- 3938 


- 3600 


- 4500 


- 2460 


- 3063 


- 2800 


- 3500 



+ denotes compression* 

— denotes tension. 

Stresses given are in pounds. 



Sheet 6/8 



122 THE PRACTICAL DESIGN OF STEEL-FBAMED SHEDS 



STANDARD SECTIONS FOR ORDINARY PRINCIPALS. 

SPANS 20 TO 25 FT. 

ROOFS SLATED OR SHEETED. 




Slope of roof —Slated roob 30* slope. 

Sheeted „ 24}' 



»» 



Slatkd Tyfb 


1 

1 


20'-0' 


Span 


26'-0^ 


Span 


12'-0' oentree 


15'-0' oentres 


12'-0' oentree 


IS'-O* oentrae 


3* XZ' Xj'Lor 


3' xr XA'L 


3* X3-' xA'L 


3i'x3i-'xA-'L 


A 


(3rx3i'xA'L) 


(3rx3l'xrL) 


(3Kx3KxrL) 


(4* X4-' xru 


2 


2" x2' xi'L 


2' X2' xJ'L 


2Kx2' xrL 


3* X2* xi'L 


3 


2' x2' xi-'L 


2' X2' XJ'L 


2' X2' XJ'L 


2' X2' X^L 


4 


2' X2' xi'L 


2' X2' xJ'L 


2' X2' X^L 


2' X2' xrL 


5 


2' X2' Xj^L 


2' X2' xJ'L 


2* X2' xi'L 


2' X2' xrL 


Sheeted Type 


1 


3' X3-' Xj'L 


3' X3'' xJ'L 


3' x3' xA'L 


3' X3-' xA-'L 


(3rx3i'xA'L) 


(3l'x3rxA'L) 


(3^x3^x1' L) 


(3l'x3KxrL) 


2 


2-^ X2-' xi'L 


2' x2' xJ'L 


2' X2' xi'L 


2r xr xi'L 


3 


2' x2' xJ'L 


2* X2-' xJ-'L 


2-^ X2-' xrL 


2-^ X2-' xTL 


4 


2' X2' Xj^L 


2' X2' xJ'L 


2-^ X2' xi'L 


2-^ X2' xrL 


5 


2' X2' XJ'L 


2' x2' X^L 


2-' X2-' X^L 


2* X2-' Xi'L 
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Sections in brackets for member " 1 " allow for flezural stress due to purlin in addition to 
" principal *' stress. 
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STANDARD SECTIONS FOR ORDINARY PRINCIPALS. 

SPANS 80 TO 40 FT. 

ROOFS SLATED OR SHEETED. 




Slope of roof— Slated roofs 30° alope. 

Sheeted „ 24}' 



»» 



Slated Type 


1 

1 


30'-0' 


Span 


40'-(r 


Span 


12'-0' centres 


15'-0'' oentTOB 


12'-0' centres 


IS'-C centres 


3' X3' xA'L 


3' XV x,VL 


2/21' X 2-' Xi* JL 


2/3'x2-' Xi' JL 


X 


m'xH'xVU 


(3rx3rxrL) 


(2/3' X2KXA' JL) 


(2/3'x2l'XA'JL) 


2 


2i-'x2' xi'L 


2Kx2' xi'L 


3* X2-' xi'L 


3' X3-' xi'L 


3 


2' x2' xJ'L 


2' X2' xi'L 


2" x2' Xi'L 


r x2r xi'L 


4 


2' X2' xi'L 


2' X2' Xi-'L 


2" X2' Xi'L 


2" x2' xTL 


5 


3' x3' xi'L 


3' x3' xi'L 


2/2i'x2' Xi* JL 


2/2i'x2-' xr JL 


Rhketed Type 


1 


3' xS* xJ-'L 


3' x3' xA'L 


2/2i'x2' Xi' JL 


2/24' X 2' xr JL 


M, 


(H'xZi'x^'U 


(3Kx3i'xrL) 


(2/3' X2i'xj-' JL) 


(2/3' X2i-'xi' JL) 


2 


V x2' xi'L 


2i'x2-' xi'L 


2J-'x2* xJ'L 


3* X2-' xi'L 


3 


2" X2' Xi'L 


2' x2' xi'L 


2" X2' xJ'L 


2' xv xi'L 


4 


2' X2' xi'L 


2' X2-' Xi'L 


2" X2' xrL 


r xv xi'L 


5 


2i'x2i'xi'L 


2Y X 2Y X i* L 


3' x3' xi'L 


3* X3-' xA'L 



Sheet 6/10 
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STANDARD SECTIONS FOR ORDINARY PRINCIPALS, 

SPANS 50 TO 60 FT. 



ROOFS SLATED OR SHEETED. 




tat •/* Tt€ 
tin IS 



Slope of roof ~ Slated roofs 30^ dope. 

Sheeted „ 24^° ,, 



Slated Ttfb 


1 

1 


60'-(r Span 


60'-0' 


Span 


12'-0' oentree 


15'-0' centres 


12'.0' centres 


16'-0' centres 


2/3i'x2J'xi' JL 


2/3rx2i'xA'JL 


2/3i'x2i'xA'JL 


2/3i'x2i'x|' JL 


A 


(2/3rx2rxA'JL) 


(2/3rx2i'xr JL) 


(2/4' X3' Xf JL) 


(2/4' XSi'xi'JL) 


2 


2/2i'x2' Xi' JL 


2/3' X2-' Xj' JL 


2/2i'x2' Xi' JL 


2/3' X2' xi' II 


3 


2/2i'x2-' xr JL 


2/21' X 2' Xi' JL 


2/21' X 2' Xi' JL 


2/2i'x2' Xi' JL 


4 


l/2i'x2' xi'L 


1/3' x2' xi'L 


1/3' X2' Xi'L 


1/3' x2' xA'L 


5 


l/2i'x2i'xrL 


i/2j'x2i'xrL 


1/3' x3' xi'L 


1/3' X2' Xi'L 


6 


2/2i'x2' Xi'' JL 


2/3' X2' Xi' JL 


2/3' X2i'xi' JL 


2/3' X2i'xi' JL 


7 


i/2i'x2' xi'L 


l/2i'x2' xJ'L 


l/2i'x2' xi'L 


1/2J'X2' Xi'L 


Shbxtbd Type 


1 


2/2i'x2-' Xi' JL 


2/3' x2' Xj' JL 


2/3i'x2i'xi' JL 


2/3i'x2i'XA'JL 


X 


(2/3' X2i-'xi' JL) 


(2/3' x2i'xA'JL) 


(2/3J'x2i'xA'JL) 


(2/4' X3'X A'JL) 


2 


2/2^x2' Xi' JL 


2/2i'x2' xJ' JL 


2/2i'x2' Xi' JL 


2/3' X2' Xi' JL 


3 


2/21^x2^ Xi* JL 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


4 


l/2i'x2' Xi'L 


l/2i'x2' xi'L 


l/2i'x2' Xi'L 


1/3' X2' Xi'L 


5 


l/2i'x2i'xrL 


l/2l'x2i'xJ'L 


1/21' X2i' Xi'L 


l/2i'x2l'xi'L 


6 


2/2J-'x2-' Xi' JL 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


2/2J'x2' Xi' JL 


7 


l/2i'x2' Xi'L 


l/2i'x2' Xi'L 


l/2i'x2' Xi'L 


1/2J'X2' xi'L 



Sections in brackets for member '* 1 " allow for flexural 
" principal " stress. 



Sheet 6/11 
due to purlin in addition to 
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STANDARD SECTIONS FOR ORDINARY PRINCIPALS. 

SPANS 70 TO 80 FT. 



ROOFS SLATED OR SHEETED. 




Rise of Tte 
I mis 

Slope of roof —Slated roofs 30^ slope. 

Sheeted .. 24}'' 



»f 



»t 



Slated Type 


i 

1 


70'-0' Span 


80'-0' Spak 


\2'-Qr centres 


15'-0' pentree 


12'-0' centres 


IS'-O* centres 


2/3i'x2rxA'JL 


2/3i'x3' xA*: JL 


2/3J'x3' XA' JL 


2/4' X31'XA'JL 


(2/4- X3' XA-' JL) 


(2/4' X3i'xf' JL) 


(2/6' X3' XA' JL) 


(2/6' X3' Xf JL) 


2 


2/3* X2' Xi' JL 


2/3' x2' xA' JL 


2/3' X2' xA' JL 


2/3l'x2i'xA'JL 


3 


2/21* X 2* Xi" JL 


2/3' X2' Xi' JL 


2/3' X2' Xi' JL 


2/3' X2' XA* JL 


4 


1/3' X2-' xJ'L 


l/3i'x2i'xJ'L 


2/2J'x2' Xi' JL 


2/2i'x2' Xi' JL 


5 


1/3' x3' xi'L 


1/3' x3' xJ'L 


2/2J'x2' Xi' JL 


2/2i'x2' Xi' JL 


6 


2/3* X2i'xi' JL 


2/3' X2i'xj' JL 


2/3i'x2l'xi' JL 


2/3i'x2i'xi' JL 


7 


2/4i'x3' xA'JL 


2/41' X 3' XA* JL 


2/6' X3' XA' JL 


2/5' x3' XA'JL 


8 


l/2i'x2' xi'L 


l/2i'x2' xi'L 


l/2J'x2' xi'L 


l/2i'x2' xi'L 


Sheeted Type 


1 


2/3i'x2i'xi' JL 


2/3l'x2i'xA'JL 


2/3J'x2i'xA'JL 


2/3i'x3' xA'JL 


(2/3i'x2i'xrjL) 


(2/4' X3' xA'JL) 


(2/4' X3' XA'JL) 


(2/4' X3' Xl'JL) 


2 


2/2i'x2' Xi' JL 


2/3' X2' xi' JL 


2/3' X2' Xi' JL 


2/3' X2' XA'JL 


3 


2/2i'x2' Xi* JL 


2/2i'x2' Xi' JL 


2/21' X 2' Xi' JL 


2/3' X2' Xi' JL 


4 


1/24'X2' xi'L 


1/3' X2' Xi'L 


1/3' X2' xi'L 


1/3' X2-' XA'L 


5 


l/2l'x2j'xi'L 


1/21' x2i' Xi'L 


1/3' x3' xi'L 


1/3' x3' xA'L 


6 


2/2i'x2' Xi' JL 


2/2i'x2' Xi' JL 


2/3' x2' xi' JL 


2/3' X2' Xi' JL 


7 


2/3KX3' XA' JL 


2/3i'x3' xA' JL 


2/4' X3' XA' JL 


2/4' X3' XA'JL 


8 


1/24' X 2' xJ'L 


1/21' X 2' Xi'L 


1/21' X 2' Xi'L 


1/21'X2' Xi'L 



Sections in brackets for member " 1 '* allow for flexural 
'* principal ** stress. 



Sheet 6/12 
due to purlin in addition to 
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Plrooedue lor Oileiilation ol Stcenei. — If some other type of 
principal is desired other than those standardized, then the procedure 
given hereafter, if followed out systematically, will greatly facilitate 
the calculation of the stresses. 

(1) Draw a line diagram of the roof principal to a suitable scale 

representing lines drawn through the centres of gravity of 
the various members. 

(2) Calculate the total amounts of wind and dead loads on the 

principal, using the loads per square foot as given previously, 
if applicable. The wind load should be equally distributed 
over one slope — say the left — and the dead load over both 
slopes of the roof. 

(3) Indicate the position, direction, and amount of each external 

force on the line diagram by means of an arrow. Note that 
these forces will only act at intersections of braces with 
rafters, or in the case of ceiling loads, with tiebar. 

(4) Number the line diagram, allotting one number to each space 

between any two external forces, and also one to each 
internal space. The numbers should start, say, at the left 
shoe, and progress in numerical order round external forces, 
reactions, and spaces. Set out the polygon of external forces 
to suitable sccde, beginning with Force 1, and so on in 
numerical order, noting that each line representing any force 
must be set off in the direction in which the force acts. 

(5) Before the polygon of external forces can be completed it is 

necessary to determine the amount and direction of each 
re€U3tion. This problem may be solved graphically by 
constructing a polar diagram and a fimicular polygon, 
but, as in previous chapters, the reactions have been deter- 
mined analytically, and as this method is more direct, this 
procedure will be adopted here, and is as follows : — 

(a) When both ends of the principals are considered as fixed, 
the direction of the reactions is parallel to the forces pro- 
ducing them, and the amount transmitted to each support 
is inversely proportional to the distance of the supports 
from the point of intersection, of the resultant force, with a 
horizontal line drawn through the reaction points. This 
procedure is the most correct, and is the one generally used. 

{b) When one end is free to move and the other end is fixed, 
the reaction at the free end will act in a vertical direction 
only, and therefore the rea<;tion may be found graphically 
by the rule known as *' the concurrence of three forces in 
equilibriimi." Analytically, the vertical reactions for the 
wind and dead loads may be foxmd as for (a). The whole 
of the horizontal component of the wind force is resisted 
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at the fixed end, bo that this resisting force is added to the 
vertical reaction at this support. 

(c) If both ends are considered free to move as for Types 2, 3, 
and 4 in the preceding chapters, the vertical reactions at 
each support are found as for (a) for the dead load, and for 
the vertical component of the wind force, whilst the hori- 
zontal component of the wind force is divided equally 
between the reactions. 

{d) To find the reactions for a principal with a load or loads 
hung to the bottom chord, find the reactions for roof loads 
as for a, 6, and c, then from the reaction point of the polygon 
of external forces, set off the tiebar loads above and below 
this point, the amount in either direction being found as 
for a beam, i.e. the amount of load transmitted to each 
support being inversely proportional to the distance of the 
supports from the load or loads. 

(6) The location of the reaction point enables the polygon of ex- 

ternal forces to be completed, and the stress diagram may 
now be drawn, commencing at the point where the number 
of forces does not exceed two— « condition generally existent 
at the shoe — ^then follow the numbers in numerical order. 
The proof of the correctness of the diagram is in the closing 
of the last line. 

(7) The amount of stress in any member may be scaled from the 

diagram, and the nature of the stress may be found as 
follows : — 

(a) In numerical order, read off from the line diagram the 
number on each side of the member in question round the 
joint considered. 

(&) Put an arrow on the corresponding line in stress diagram, 
from 1 to 2, and so on. 

(c) Transfer this direction to the member in the line diagram, 
then, if the arrow points towards the joint, the member is 
in compression, and if away from the joint, is in tension. 
Note that the arrow on the line diagram only refers to the 
joint round which the numbers were taken. 

The forgoing procedure will be more easily followed if 
reference is made to Plate 1/B. 

Choice ol Seetioos. — ^Before choosing the sections for the various 
members, the factors which decide them, and which are given here- 
after, should be considered. Those members subject to a direct com- 
pressive stress should have the radius of gyration as large as possible 
relative to the area. 

Those members subject to bending should have the modulus of 
section as large as possible relative to the area. 
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The number of different sections in any given stmoture should be 
kept to a minimum, without, of oourse, undue excess of material. 

The sections adopted should be those which can be obtained 
cheaply and quickly. 

The sections will be confined generally to joists, channels, angles, 
tees, and flats. 

The prices of these materials are given hereafter, and are those 
generally adopted throughout the United Kingdom by the various 
rolling mills . The basis for all except joists is the current price of 
angles — quoted from time to time— having six to twelve united 
inches (i.e. the sum of the two flanges) x i' thick, upwards. The extras 
for the various sections are fairly constant relative to the current basis 
price for angles, the latter, of course, fluctuating from time to time 
according to the state of the market. 

Limits and extras for angles, flats, tees, and channels, with current 
price of angles as basis : — 

Price per ton. 
Angles: — s. d. 

6 to 12 united inches x i" thick and over. Basis 

Extras : — 

Under 6 united inches, each inch or part. Basis + ^ 
Over 12 „ „ „ „ „ ,,+60 

3^ X 2^, 3^ X 2^, 3^ X 2\ 2 J^ x 2^ ; T thick 

or over, . . . . . ,,+60 

2J*'x2^2^x2''; J'' thick or over, . „ + 10 

Lengths, 5 ft. and over, without extra. 

Flats:— 

Over S*' wide and upwards, f thick or over. Basis -f 6 

Extras : — 

Under T to A'' thick . . Basis + 10 

„ A'' >, r » ^der S'' wide „ + 15 

„ A'' M r fy 8' wide and over „ + 20 

Lengths, 5 ft. to 40 ft., without extra. 

Tees:— 

6 to 10 united inches, ^V thick or over. Basis +76 

Extras : — 

Under 6 united ins., each in. or part (Basis+7s. 6d.)+ 6 extra. 
Over 10 „ „ „ „ „ „ +60 

Under A'' to r thick . . . „ +60 

2i^x2i^xA^3"'x2i^X^V*' Basis + 12 6 

2i^x2J^xr, 3''x2i^xr, 2^x2*'xA'' „ +17 6 

2i''x2^xr. 2''x2'xr . . . „ +22 6 
Lengths, 6 ft. and upwards, without extra. 
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Price per ton. 
s. d. 



Basis +50 





extra. 



Channels : — 

Web 6 to 12 inches wide 

Extras : — 

Over 12'' to W wide . . . Basis + 10 

Under 6*^ wide, each inch or part (Basis+6s.)+ 5 

Lengths, 5 ft. and upwards, without extra. 

Limits and extras for R.S. Joists, with current basis price of Joists 
as basis. 

R.S. Joists : — 

5^x3^tol4''x6^excluding9^x7''andl0^x8^lT. ... ^xx 
In lengths of 5 to 40 ft.^ J^^^ (for Joists). 

Extras : — 

9^x7^ . 
lO^'xS^ . 
Over 14^X6'' to 16*' X 6'' 

18^x7'' and 20'' x7r 
24" X 7*" . 

4''x3''and4rxir 

Under 4^x3'' . 

Lengths over 40 ft., each foot or part 



Basis + 5 

+ 10 

+ 5 
+ 10 

+ 20 

+ 10 

+ 20 

+ 1 














To illustrate the use of the forgoing table of extras for sections. 



if the current basis price of angles be £6 per ton, then 



per ton. 

£ s. d. 
=6 10 
=6 16 

=7 2 





6 




2 J'' X 2"^ X r angles will cost £6+ 10s. 

2J"xr flats „ „ £6+ 16s. 

2" X 2" X 1" tees „ „ £6 7s. 6d.+6s.+6s.+6s. 

6" X 2^" channels „ „ £6 6s.+6s. =6 10 

To facilitate the delivery of the material from the rolling miUs, 
and to avoid the necessity of obtaining materials from stock (the extra 
price from rolling mills stock is about 10s. to 16s. per ton, and from 
merchants' stock anything up to £2 per ton, over basis price), sections 
should be chosen which are readily obtainable. A list of sections 
recommended for use is given below : — 

Angles : — 

2^X2"; 2i"x2*'; 2i"x2J"; 3''x2"; 3''x2i"; 3*'x3''; SJ^'xS''; 
3^x34"; 4^x3*'; 3J''x2J"; 4"x3J"; 4*'x4''; 5^x3"; 6''x3''; 
6" X 4"^. Angles may be obtained easUy to any thickness stated in the 
lists supplied by the various manufacturers. Preference should be 
given to those sections having flanges of equal size. 

2-'x2^xr; 2J"x2rx^V^ or K; 3^x3^xV,orr; ^''xS" 
xT; 4^x4^xr, i^r^'or J*'; 3rx3i"xr, tV'' or ^ ; 4^x6^xA", 
or J''; 6^x4''x^^or J''; 6^x3''xi^^^ or J" ; 6*'x4''x^^ or J^ 

Flats. — ^Any listed sections. 

K 
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Joists and Channels. — Any section embodied in the list of the 
British Standards Committee. 

Safe Stresses. — ^The sections of members subjected to compressive 
stresses should — ^to facilitate the design — ^be determined from the 
tables given in the various handbooks issued to steel users '' gratis " 
by the various manufacturers, using a factor of safety of 4, and 

limiting the ratio of the radius of gyration to length to r^, otherwise 

resort will have to be had to the usual strut formulae, necessitating 
cumbersome calculations. 

Other parts, i.e. tiebars, plates, rivets and bolts, should be designed 
to withstand the following safe stresses : — 

Tension (steel) up to 16,800 lbs. (7^ tons) per sq. inch. 
Shear „ „ 16,680 „ (7 „ ) 
Bearing „ „ 22,400 „ (10 „ ) 



I 

I 



99 99 

99 99 



Ftetors whieh afleet design. — ^A framed structure should be designed 
so that the external forces which may be applied to it will be sfi^ely 
resisted with the minimum use of materials, not only by the parts as 
units, but also by the units as a whole. 

The theory of structures should be used as a means only to the 
end desired. That is to say, that theory and practice must be mutually 
applied so that economy as well as stability is obtained ; a structure 
designed with a minimum of material need not necessarily be the 
cheapest. 

Members of a framed structure should take up, as nearly as possible, 
a position whereby the centre of gravity (the centre of resistance) 
coincides with the centre of the force it is intended to resist. Applying 
this factor to a roof principal, the centre of gravity of each member 
should coincide with the line diagram of the principal, and the point 
of intersection of the rafter and the main tie, at the shoe, should also 
be intersected by a line drawn vertically through the centre of gravity 
of the support. 

Rivets should be arranged so as to be centric with the forces they 
are intended to resist — ^as far as practicable. 

Smithwork, complicated lattice work, complicated connections, 
etc., are expensive, and should generally be avoided. Plate connections 
should be arranged and shaped, so as to reduce the amoimt of cutting 
and of waste material to a minimum. 

Parts should, as far as practicable, be made interchangeable. 

The diameter of aU holes in any complete portion of framework 
should be kept the same, as far as possible. 

Preference should generally be given to rigid sections for the 
members of any structure, even if subjected to tensional stress 
only. 

Ends of tension members should generally be left square — ^fitting 
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is usually unnecessary, and therefore, of course, an economic waste 
of labour. 

Materials for foreign shipment, if provided with large projections , 
inciir extra cost if freight is charged by measurement, as is generaUy 
the case for such parts, and it is often advisable for economy, and to 
prevent damage, to avoid such projections as may be attached at the 
site. 

Foundation bolts should have square necks, and consequently 
square heads. 

Connections should be simplified and also repeated as far as 
practicable. 

The connections of all frames affected by flexural stresses should 
be made by means of rivets or of close-fitting bolts. 

Where girder flanges are made up of angles and plates, the angles 
should have, as far as practicable, 50% of the total area of the flange. 

Joints of girders or framework should be arranged so as to facilitate 
deUvery and erection. 

Girders and stancheons should be suitably stiffened in a lateral 
direction, especially at joints, or the safe stress reduced according to 
the conditions. 

The span for joists should generally be limited to twenty times the 
depth, for plate girders to sixteen times the depth, and for braced 
gilders to twelve times the depth. 

The thickness of any plate or bar should not be less than \'' ; ^' 
is preferable as a limit in many situations. 

Butting surfaces of members subject to compression should be 
perfectly fitted. 

Steelwork, before leaving manufacturer's yard, should have a 
coat of oil, which should be scraped off before the final coat of paint 
is applied. Steelwork embedded in concrete should be coated with 
Portland cement-wash, applied after a thorough cleansing, in preference 
to paint. 

DESCRIPTION OF DESIGN FOR SHED. TYPE 3. 

Plates 6/L and 6/M illustrate the general arrangement of the frame- 
work, also the details of the connections, for the shed (Type 3), the 
sections for which were determined in Chapter I. The special features 
for the various details are as follows : — 

Side Stancheon Base^ Plate 6/L, — ^The forces acting on the base are 
the lateral reaction (4777 lbs.), and the vertical reaction (8647 lbs.). 
The minimum area of the base should be such that the pressure on 
the concrete, due to the vertical reaction, does not exceed 12 to 15 
tons per square foot. The area of the anchor bolts, of the rivets 
connecting the baseplate to the base angles, and of the rivets con- 
necting the base angles to the stancheon shaft, should safely resist 
the lateral reaction ; the latter rivets also resist a portion of the 
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vertical reaction. The anchor bolts are situated as near as possible 
to the centre of the base to allow the latter to act approximately as 
a pin joint. 

Shoe OonneetiODS H and J, Plate 6 /L.— Lines drawn through the 
centre of gravity of the various members are arranged to intersect at a 
point. 

The rivets connecting the rafter and main tie to the shoe plate 
are designed to resist the total stresses in these members. 

The rivets connecting the shoe plate to the shoe angles, the latter 
to the stancheon cap plate, the cap plate to the angle cleats, and the 
angle cleats to the stancheon shaft, are designed to resist the force 
necessary to equalize — about the stay connection — ^the moment of the 

shearing force. This force will equal (4777— 1800 x -5-) =8931 lbs. 

If the top rail reacts against the stancheon, then this reaction (600 lbs.) 
should be added to 8931 lbs. to give the total force. 

Stmt OonneetiODS B, D» F, and H, Plate 6/L. — The rivets con- 
necting the strut to the rafter plate resist the compressive stress in 
the strut, whilst the rivets connecting the plate to the rafter resist 
the difference in the compressive stresses in the portions of the rafter 
on each side of the connection, plus the stress in the strut. 

Stmt and Tie Conneottons and O, Plate 6/L. — ^The rivets con- 
necting the ties and the strut to the rafter plate resist the stresses in 
these members, whilst those connecting the plate to the rafter act as 
for plate in connection B. If the rafters are jointed at this connection, 
as is often necessary, then the rivets connecting the rafters to the 
plates should resist the total stresses in the rafters, and not their 
difference. 

Connection E, Plate 6/L. — ^The rivets connecting the rafter, 
suspender and diagonal braces to the plate resist the stresses in these 
members. 

Connections L and Q, Plate 6/L. — ^The rivets connecting the ends 
of the members to the pkite resist the stresses in these members, whilst 
those connecting the plate to the main tiebar resist the difference in 
the stresses in the portions of the tiebar adjacent to the connection. 

Connections M and P, Plate 6/L. — ^The rivets connectii^ the 
members to the plates resist the stresses in these members. 

Connections S and T» Plate 6/L. — ^The rivets connecting the ends 
of the strut and tie to the plate resist the stresses in these members, 
whilst those connecting the plate to the main diagonal member resist 
the difference in the stresses of the portions of the diagonal on each 
side the connection. 
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Oonneetioxui E and B, Plate 6/L. — ^The rivets connecting the stay 
to the web of the H cleat resist the stress in the stay, whilst the bolts 
connecting the flange of the cleat to the stancheon resist the lateral 
and vertical components of the diagonal force in the stay. Bolts are 
used in this instance, as the lateral component of the force in the 
windward stay is of a tensile nature, aild rivets should not be used 
where the sha^ is subject to a tensile stress. 

With regard to the arrangement of the rivets in the foregoing 
connections, the distance from the end of a bar to the centre of the 
first rivet should not be less than one and a half times the diameter 
of the rivet, and preferably also not less than five-eighths the width 
of the bar. The diameter of the rivet should not exceed one-third the 
width of the bar ; and the centres of the rivets should not be less 
than three times their diameter, nor more — ^for compression members 
— than 6^ or sixteen times the thickness of the thinnest outside member 
or plate measured in the line of stress, and forty times if measured at 
right angles to the line of stress. Rivets at the ends of compression 
members should not be spaced further apart than four times the 
diameter of the rivet. 

Detail A, Plate 6/M. — The rivets connecting the web of the joist 
rail to the angle cleats resist the wind pressure acting on the rail, as 
also do the rivets connecting the cleats to the stancheon, plus the 
weight of the rail and side sheets. This connection should also be 
made strong enough to enable the rails to stiffen the stancheons in the 
direction of the least radius of gyration. 

Detail C, Plate 6/M. — ^The rivets connecting the horizontal IF 
bar to the cleat resist the stress in the bar, i.e. 9844 lbs. The rivets 
connecting the flat bar to the cleat, and the cleat to the stancheon, 
resist the diagonal and vertical components, respectively, of the force 
9844 lbs. 

Detail D, Plate 6/M. — The rivets connecting the flat bar to the 
cleat, and the cleat to the stancheon, resist the forces described for 
DetaU C. 

Detail E, Plate 6/M. — ^The rivets connecting the horizontal IF 
bar to the cleat, and the bolts connecting the cleat to the stancheon, 
resist the stress in the bar, i.e. 9844 lbs. 

Detail F, Plate 6/M. — The rivets connecting the angle bracing to 
the plate resist the stress in the brace, and the rivets connecting the 
plate to the channel rafter resist the components of the force in the 
brace, the amount of the components being obtained from the diagonal 
force by means of the *' triangle of forces." 

Detail O, Plate 6/M. — ^The rivets connecting the channel eaves bar 
to the angle cleats, and the angle cleats to the stancheon, resist the 
reaction at the end of the channel due to the vertical load and to the 
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side-wind force. The rivets connecting the rafter channel to the plates 
resist the stresses in the rafter, and also the reaction of the triangulax 
girder of which the rafter forms the flange. The rivets connecting 
the gable horizontal HF bar to the plate resist the stress in the bar, 
i.e. 12,305 lbs. The rivets connecting the plates to the stancheon 
resist the stresses in the members to which they connect, i.e. the 
channel rafter, and the double angle strut. 

Detail H, Plate 6/M. — ^The rivets connecting the various members 
to the plate resist the forces in these members, whilst the rivets 
connecting the plate to the principal simply retain these bars in position 
vertically, and in addition add to the rigidity of the framework at 
this point. 

Detail J» Plate 6/M. — ^The rivets connecting the double angle 
strut to the cleats, and the latter to the apex of the principal, resist 
the stresses in the strut. The rivets connecting the diagonal bar to 
the plate resist the stress in the bar, whilst the rivets connecting the 
plates to the principal rafter resist the components of the diagonal 
forces, such components being found from the diagonal force by the 
" triangle of forces." 

General Note. — Connections at which the external forces are 
applied should be so designed that the rivets connectii^ the plate 
or member, acting as a support for these external loads, resist these 
forces in addition to the internal stresses in the members. 



CHAPTER VIL 
BXTEKETAL oovebinos. 

Oalvaniaed Steel Sheets. — Galvanized steel sheets as used for the 
external covering for sheds are usually corrugated, and are of two 
kinds, i.e. the " Italian " or '' Canadian " kind having a corrugation 
at each side, and one in the middle, running the full length of the 
sheet, and the common type of corrugated sheet having corrugations 
at 3^ to 6^ pitch across the width, and running the full length of the 
sheet. 

The usual thicknesses for galvanized steel sheets are No. 16 to No. 
26 gauge (Birmingham Wire Gauge). Nos. 24 and 26 gauge sheets are 
only suitable for temporary work in this country, or for use in tropical 
or semi-tropical countries, Nos. 20 and 22 gauge sheets for use in 
temporary or otherwise unimportant buildings, and No. 20 to No. 16 
gauge sheets for better class work in this country. 

The " Canadian " type is very little used. Ordinary corrugated 
sheets are stocked by manufacturers and merchants in lengths of from 
4 ft. to 8 ft., the widths of 2'-0'' and 2'-6'', and gauges No. 20 to No. 24. 
Sheets of other dimensions than these are charged for at an extra 
price per ton. 

It should be noted that although a sheet may be stated as 2'-0' or 
2^-6^^ wide, this dimension represents the net width when laid with one 
corrugation side lap, and that the sheet itself is really about 2^^ to 2i'' 
wider than the above dimensions, also that the width is usually 
specified — especially for gauges from No. 18 to No. 24 — ^in terms of 
the number and pitch of the corrugations. A 2'-0^ wide sheet having 
corrugations at 3" pitch is described as an 8/3' sheet, and a 2^-6' 
sheet as a 10/3' sheet. 

The pitch of the corrugations should always be specified, as, 
although usually sheets are understood to have corrugations at 3' 
pitch, the heavier gauges, e.g. No. 18, and especially No. 16, are some- 
times manufactured with 5' pitch corrugations. A sheet with 3' 
corrugations is usually }' deep, and with 5' corrugations 1^' deep. 

The zinc coating is usually thin unless specially ordered otherwise, 
and for important work the amount deposited on each side should be 
specified as from 2} to 4 ozs. per square foot, according to the particular 
requirements. It is usual in this country to use a sUghtly heavier 
gauge of sheets for the roof than for the walls. 

135 
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Sheets may be laid with a single cormgatioii side lap and a 6-inch 
end lap, but for good work, and especially for roofs, the side laps 
should be increased to two corrugation side laps, and the end lap to 
9 inches, the slope of the roof being not less than 24}^. In arranging 
the end laps of the sheets, the laps should be arranged to break 
joint, otherwise— owing to the ends of the sheets being frequently out 
of square — an irregular line of joints is created which gives a very bad 
appearance to the structure. 

The supports are usually spaced at from 6 ft. to 8 ft. centres, 
according to the thickness, and are of angle, tee, channel, joist or 
other stifi section. 

Sheets are secured to the steel supports (termed " rcdls " for the 
sides and gables, and " purlins " for the roof) by means of galvanized 
hookbolts or by specially constructed clips and ordinary bolts. The 
atta<5hments should be spaced one at each comer and one at the centre 
of the sheet, and for good work each bolt should have one large, curved, 
diamond-shaped galvanized washer, and one lead washer, or alter- 
natively a patent washer known as the ^'limpet" washer. If the 
sheets are to be attached to timber rails or purlins, then 21^^X1^^ 
mushroom-head galvanized driving screws should be used, with 
washers similar to those for hookbolts, the positions of the driving 
screws being similar to those for the hookbolts. 

The connection of sheets to sheets may be made by either galvanized 
bolts or rivets, and it should be noted that the holes for these connec- 
tions should be punched from the inside. The sizes of bolts in common 
use are : — 

For two thicknesses, i" long x l" dia. 
For four thicknesses, l" long x i" dia. 

For rivets use : — 

For two thicknesses, i" to ^' long x i' dia. 
For four thicknesses, i" to |*' long x i' dia. 

Sheet bolts should have one circular galvanized washer under the 
head, and one lead washer (or preferably one '' limpet " washer) under 
the nut. Rivets should have one circular washer under the head formed 
by the erector. 

Note that where ^'Umpet" washers are used in preference to 
ordinary washes all bolts should be y longer. 

Sheet 7/1 illustrates the various arrangements of laps and bolts, 
and Sheet 7/2 the various methods of attachment, together with the 
number of bolts or rivets required for the laps. Rivets and bolts 
should always be spaced in the ridges of the corrugations, more 
particularly on roofs. To ensure a perfectly dust-proof joint, the 
edges of the sheets may with advantage be painted with white lead 
paint, or, alternatively, strips of canvas soaked in white lead paint 
may be inserted between the joints. 
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The life of corrugated sheets may — according to the state of the 
atmosphere to which they are exposed — extend from 10 to 16 years 
by the judicious application of paint, but before applying this pre- 
servative the sheets should be exposed to the oxidizing effect of the 
atmosphere for about three months, to allow them to come to a 
suitable condition to receive the paint, or alternatively, a similar 
effect may be obtained by applying a priming coat of a composition 
compounded of equal parts (one each) of chloride of copper, nitrate 
of copper, and sal-ammoniac, dissolved in 64 parts of water, to which 
should be afterwards added one part hydrochloric acid. This 
composition turns the sheets black and leaves them ready for paint 
within twenty-four hours of the application. If the iSrst coat be of 
oxide of iron paint, the destructive effect of a humid or acid-laden 
atmosphere will be reduced to a minimum. 

Where condensation is likely to take place— a frequent fault with 
sheeted roofs — ^an absorbent lining of asbestos paper, millboard, or 
other absorbent and neutralizing material should be provided with 
ample attachments to the sheets or framework. 

The weight per square of 100 feet of galvanized corrugated sheets 
is given on Sheet No. 7/3. 

Oalvanissed Steel Ridging. — ^Ridging should be provided at the 
apex of the roof to cover the space between the adjacent roof sheets, 
or alternatively, the sheets on one slope may be curved (the Tninimiifn 
radius for carving sheets is 12^^) at the ends, and lapped over the sheets 
on the other slope. The profile of the ridging generally takes the form 
shown on Plate 6/L, the wings being sometimes provided with small 
flanges at the sides. The wings may be of flat sheet, or arranged with 
corrugations to suit the sheets, in which case the flanged sides are 
dispensed with. The thickness of the ridging should be slightly 
greater than that of the sheets, to which it is secured by means 
of I'x^'' galvanized bolts, spaced at 9" centres, and provided with 
washers similar to those described for connecting the sheets. 
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ARRANGEMENT OF SffiE AND END LAPS WITH 
BOLTS FOR CORRUGATED SHEETS. 



aBTBl 



6 /Siorr. Sinoie corrafation side lap . 



'^*^ 





6/5 Com. Doubitcorrujftion side lap 

rm 




10/3 Corr. Single corrugation side jso 




10/3'Corr. Double corrugation side Zap. 




6/ 3 Corn Single corrugation aide Z ap 







S^^Corr, Double corrugation sidtlap. 






JO 

O 



Seebt 7/1 
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PARTICULARS OF FASTENINGS FOR 
CORRUGATED SHEETS. 

NuMBEB OF Rivets ob Bolts ik Laps. 



Length 

of 
Sheet 


Side Laps 


End Laps 


Single 
Corruga- 
tions 


Double 
Corruga- 
tions 


With Single or 
Double Side Laps 


Single 
Side Iiape 


Double 
Side Laps 


8/3' Corrs. 


10/3'Corr8. 


6/5' Corrs. 


6/5' Corrs. 


4'-6' and 6'-0' 


3 


6 


3 






3 


6'-6' and 6'-0' 


4 


6 


3 






3 


6'-6' and 7'-(r 


5 


8 


3 






3 


7'-6' and 8'-0' 


6 


10 


3 






3 


8'-0' and 9'-0' 


7 


12 


3 






3 



Lbnoth or : 


HOOKBOLTS. 












Size of Angle bar 


2' 


2*' 


3' 


3J' 


4' 


*J' 


6' 


6*' 


6' 


Length of hookbolt, 3' oorta. 


3i' 


31' 


*r 


41' 


6i' 


6i' 


6J' 


«r 


7i' 


ft 9ff »9 5' cons. 


31' 


*i' 


*l' 


H' 


51' 


6i' 


«l' 


71' 


7i' 






METHODS FOR ATTACHING SHEETS TO PURLINS AND RAILS. 



Shebt 7/2 
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WEIGHT IN LBS. PER SQUARE OF 100 SUPER. FT. 
OF GALVANIZED AND CORRUGATED 

STEEL SHEETS. 



B.W.G. 


6/4' or 8/3' 


7/4' 


6/5' or 10/3' 


8/4' 


16 


347 


344 


333 


339 


18 


270 


268 


258 


265 


20 


215 


213 


207 


210 


22 


180 




176 




24 


147 




143 




26 


129 




125 





The weights given include for one corrugation side lap and 6' end laps. 



Shbbt 7/3 
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Oalvaniaed Steel Flashings. — Galvanized steel flashings are cheaper 
than, but inferior to, lead flashings, and should be used — although 
lead is preferable — at all points where an otherwise waterproof joint 
is impossible, such as occur at the hips and valleys of roofs, around 
windows, over outside doors, etc. When used over doors they are 
often termed ^^ hoods," and if under windows are termed ^^ sills." 
The thickness should be slightly greater than for the adjacent sheets. 
Flashings may be used at the comers of the bmldings, and to the joints 
of doorways, if a watertight joint is unobtainable by turning and 
lapping the sheets. 

External Coverings. — ^The materials, other than corrugated steel 
sheets, commonly used in the construction of filling in walls for sheds 
and other similar buildings, are timber boards, brickwork, asbestos 
cement slabs, and concrete (either plain or reinforced). For roofs, the 
alternative coverings to steel sheets are roofing felt, natural slates, 
asbestos cement slates and slabs, tUes, or concrete (either plain or 
reinforced) covered with asphalt. 

Timber Boards. — Spruce or pitch pine boards, i" to l^'^ thick 
according to the span between the supports, are used for the walls of 
cheap temporary buildings. The boards should be well seasoned before 
using, otherwise they are liable to split and the joints to open. The 
joints should be tongued and grooved, and also, if required, may be 
beaded. The boards should be supported by means of timber rails, 
or timber fillets secured to steel rails, at distances of from 4 ft. to 6 ft. 
apart, the brads or nails securing the boards to the supports being of 
a length equal to about twice the thickness of the boards. If not 
covered on the outside with felt, then the boards should be preserved 
by the application of a suitable damp-resisting composition. 

Brickwork. — ^The class of bricks generally used is that known as 
^' stocks,'' and for good work bricks specially selected from this class 
should be used, as they are more even in colour than those taken at 
random. The bricks may be laid with lime or cement mortar, the 
latter being used only where the unsupported area is greater than that 
allowable for lime mortar-jointed walls. The usual thickness of filling 
in walls is one brick (9^), and the unsupported area should be re- 
stricted to about 240 square feet, or the thickness of the wall increased, 
or alternatively reinforced along the horizontal joints, at certain 
courses, with wire meshing, which is specially manufactured for this 
purpose. All brick waUs should have a damp-proof course immediately 
above the base and underneath the lowest floor. The walls should be 
' erected between the flanges of the steel framework, which should be 
formed of 12'' deep joists or channels ; this arrangement will greatly 
increase the resistance of the steelwork to compressive stresses. 
If the depth of the steelwork is, for economic reasons, less than 12^", 
then one-half the total thickness of the wall should be laid between the 
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flapnges of the steel supports, the inner half being arranged to cover 
the inner face of the steel. The monotonous appearance of the plain 
wall may be relieved by forming piers around the outer flanges of the 
steel upright, and also by corbelling out two or three courses imme- 
diately underneath the eaves gutter. These overhanging courses will 
form a seat for the gutter, and together with the gutter, if suitably 
designed, will form a pleasing cornice. 

Asbestos Cement Slabs and Slates. — ^These slabs and slates, as the 
name implies^ are manufactured from a mixture of cement and asbestos 
fibre, lliey are fireproof and capable of resisting the deteriorating 
effect of the atmosphere. They are very strong and Ught, and 
consequently reduce the dead weight of the covering, and also 
the size of the supporting framework. The composite material is 
sufficiently elastic to resist tensile and compressive stresses, is therefore 
suitable for resisting bending stresses, and consequently a continuous 
backing is not required as for slates. The material is easily holed 
and cut to any shape required, and nails may be driven through 
without breaking the slabs or slates. The manufacturers of these 
specialities claim that, as compared with slates, they are Ughter, 
stronger, have better insulating properties, and the initial cost €uid 
maintenance cost are less. 

Asbestos cement slates are obtainable from stock in various shapes, 
sizes, and tints. They are usually laid on roof felt and boards, and 
make a very efficient and effective covering, especially if laid diagonally. 
The monotonous appearance of the covering may be broken up by 
occasionally fixing two or three courses of specially shaped slates 
between the courses of the common type. Although this type of slate 
may be secured direct to timber or steel laths, and roof boards dis- 
pensed with, the efficiency of this procedure is doubtful. The pitch 
of the roof for asbestos cement slates should not be less than one in 
three. 

Asbestos cement slates are obtainable either plain or corrugated, 
are more expensive (in first cost) than corrugated steel sheets, but are 
much more durable, therefore in many situations preferable. Plain 
slabs are usually nailed to timber studding or to timber boards. The 
vertical joints, especially if not backed by timber studding, should be 
made by securing a strip of asbestos cement over the butting edges of 
the adjacent slabs. The horizontal joints are lap-jointed. 

Asbestos cement slabs are obtainable in a corrugated pattern 
somewhat similar to corrugated steel sheets, the standard length being 
8 ft. They may be used with advantage in preference to steel sheets, 
but the pitch of the roof should not be less than one in four. They are 
laid on either timber or steel supports, at not more than 30 inches 
apart, to which they may be secured by means of driving screws to 
timber, and by cUps and bolts or by twisted wire to steel supports. 
Lead washers should be used on the outer surface to cover the holes. 
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When laid on roofs, the slabs should have two corrugations side lap 
and 6' end lap, and for walls with 4"^ end lap and two corrugations side 
lap, although the latter lap may be reduced to one corrugation if the 
side laps are bolted between the supports. 

For further information regaidlng asbestos cement specialities 
reference should be made to the various trade catalogues. 

Natural Slates. — ^Natural slates may be obtained of various sizes 
and colours, the latter varjing chiefly according to the proportion of 
iron they contain. The sizes in common use for shed roofs are 24^^ x 1 2^ 
(Duchess) and 20^^ x lO'' (Countess). The gauge to which they are laid 
is calculated by subtracting the lap — generally 3^ — ^from the length, 
and halving the remainder ; the gauge for '' Duchess " slates will 
therefore be lOJ"', and for " Ciountess " slates will be SJ^ The dis- 
tricts from which slates used in England are generally obtained are 
North Wales and Westmoreland. There are four qualities, i.e. " bests," 
" seconds," " thirds," and " tons," the first three qualities being sold 
by count (1200 to the thousand) and the fourth by weight. 

The cost and weight vary according to the qualities, '' bests " 
being dearer and thinner than '' seconds," '' seconds " dearer and 
thinner than '' thirds," and so on ; but the greater initial cost of the 
better qualities may be neutralized by the greater cost of transport 
of the inferior and heavier qualities. 

Welsh slates may be of a blue, grey, or purple colour, and are cut 
to uniform sizes. Westmoreland dates are of a greenish colour and 
vary in size ; they are usually heavier than Welsh slates. The slope 
of a slated roof may vary from 24}^ upwards, according to the quality, 
size, and thickness of the slates used. Large slates, such as the 
Westmoreland type, are suitable for low-pitched roofs, and small 
slates of good quality for steep roofs. Slates may be secured at the 
head or waist — ^two copper or galvanized iron nails to each slate — and 
laid direct to timber battens or steel angle laths, but for a good job, 
and especially in exposed situations, they should be laid on felt and 
boards. The boards should be unwrought on the surface in contact 
with the felt, and the felt should be laid with the seams running up 
the slope^ 

Slating is commenced from the bottom, and a tilting fillet should 
be provided at this point, the bottom course of slates being a double 
one, and the bottom layer being of smaller size than the others. The 
courses, except where variable sizes of slates are used, will be laid 
to a constant gauge, which may with advantage be arranged so 
that the top course may work in without cutting. The top course 
will be laid double, somewhat similar to the arrangement at the 
bottom. 

Slates may be laid direct upon steel angle laths spaced at centres 
corresponding to the gauge. Where this arrangement is adopted the 
size of the slates should be 24^^x12', therefore the laths should be 



8ft. „ 10ft. „ „ irxirxr L „ 

„ 10 ft. „ 12 ft. „ „ 2^ x2^ xr L „ 
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spaced at 10|' centres. The sizes of the laths vary according to the 
span, the usual practice being as follows : — 

For principals up to 6 ft. centres use 1^^ x 1^' x ^^ L laths. 

6 ft. to 8 ft. „ „ iKxl^xr L 

8 ft. „ 10 ft. „ „ irxirxT L 

10ft. „ 12ft. „ „ 2^ x2^ xr L 

The position of the bottom lath should be carefully calculated, 
otherwise the whole system of spacing will be upset. The slates may 
be secured to the angles by copper, lead, galvanized or composite 
nails of a length sufficient to clip the lath, or alternatively be secured 
by means of twisted wire. 

Slates laid on battens or laths may be bedded and pointed with 
mortar on the underside, so as to make the roof covering proof against 
drifting snow. 

An economical system for slating roofs, which also forms a con- 
venient method of ventilating buildings subject to noxious fumes, 
is that known as the '' open slating " system, where the slates are 
laid with a space of 2^" to 3' between the sides, this space being well 
covered by the slate lapping the joint. This arrangement, although 
rainproof, is not proof against drifting snow. 

Bool Tiles. — ^Tiles are very little used, owing to their excessive 
weight, except where more easily obtainable than asbestos cement or 
natural slates. The types in common use are plain tiles, pantiles, 
Roman tiles and French tiles, and they are laid on battens or laths 
similar to ordinary slates, the strength of the supports being increased 
to suit the heavier covering. 

Roofing Felt. — Ordinary roofing felt is used as an external covering 
for walls and roofs of cheap temporary buildings, but chiefly as an 
insulating and waterproof material between slates and boards. It is 
obtainable from stock in rolls of 25 yds. x 32^ wide, and should be laid 
— ^if used with slates — with the seams running up the slopes of the 
roofs ; the thickness is about ^^. There are many kinds of specially 
manufactured roof felts, particulars of which may be obtained from 
the trade catalogues. 

Concrete Walls. — Concrete 2" to 3^ thick, according to the centres 
of the supports, if reinforced with steel, makes a good external covering 
for shed walls, and also for the roof if a layer of asphalt or other 
similar material is added. The reinforcement may consist of ^' to i" 
vertical rods, spaced about 12^^ apart, with an occasional horizontal rod 
of similar diameter, the rods beiQg secured at the ends to the supporting 
steelwork. An alternative reinforcement is expanded metal or gal- 
vanized wire meshing. There are several patent meshings which have 
sufficient rigidity, between the supports, to allow of the concrete being 
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applied as for plaster ; it is claimed that the use of these meshings 
dispense with timber shuttering. 

Concrete blocks — ^made on the site — ^may be used for the walls, if 
there is sufficient quantity required to justify the outlay upon the plant. 
Hollow blocks should be used in preference to soUd blocks, as they are 
more economical, Ughter, and better non-conductors of heat and cold. 
Owing to the size of the blocks being considerably larger than bricks, 
they are cheaper to fix than the latter. They may be used for large 
unsupported areas, as steel rods or bars may be inserted between the 
joints. 



CHAPTER Vra. 

OXTTTBBS, PIPES, VENTILATION, DOOBS, WINDOWS, SKYLIGHTS. 

GX7TTSBS AND BAIN-WATBB PIPES. 

Material. — Gutters and downpipes are nsoaUy made of galvanized 
iron or steel, or cast iron, the former materials being used for buildings 
and sheds of a somewhat temporary nature, for buildings and sheds 
of cheap construction, or buildings and sheds manufactured for ship- 
ment abroad. Cast iron is used for better class constructions at home, 
and sometimes for abroad, although owing to the possibility of ex- 
cessive breakages its use for foreign shipment is very little favoured. 

OTTTTEBS. 

Thickneis. — Galvanized gutters are made in thicknesses varying 
from 22s to 166 gauge, according to the gauge of the sheets used for 
covering the building, the gauge of the gutters being slightly thicker 
than that of the sheets. Care should be taken to obtain galvanized 
gutters with edges stiffened by means of a thin rod enclosed along 
the edge, or by flanging or curving the edges, or other similar devices. 

The thickness of CI. gutters is dependent upon the size and the 
distance apart of the supports. The usual thicknesses — ^for gutters 
supported every 3 ft. — are : — 

6' to. 8' diameter gutters, thickness i" to ^'. 
10 „ 12 „ „ „ t » A" • 

12 „ 15 „ „ „ TTT » t • 

16 „ lo „ „ „ To »> a • 

Lengths. — Gutters are usually supplied in 6'-0' lengths from 
stock. Longer lengths may be obtained, especially for the larger 
sizes, but owing to the tendency to warp in casting and to the in- 
creased liability to break in hismdling, the 6^-0'' length is almost 
universally used. 

Sections. — ^Almost any section of gutter may be obtained quickly 
and economically, but as makers have standard types and patterns 
these should — ^for economy and to facilitate delivery — ^be used where 
possible. Eaves gutters are usually of the half-round or ogee type- 
plain or ornamental — ^boundary wall and valley gutters of box or 

semi-box type. 
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Sapports. — Supports are usually placed at about 3^-0' centres — 
one at each joint and one at the centre of each gutter — and, of course, 
should be attached to rigid supports. If the gutter is intended to act 
as a path along the roof — a frequent necessity for boundary and valley 
gutters — then the width should be sufScient for this purpose and the 
thickness increased if necessary, or alternatively a continuous rigid 
support should be provided for the gutter, the latter arrangement 
being a necessity for galvanized gutters. 

ExiMUision. — ^In long stretches of gutter, especially if the joints are 
flanged, it is advisable to provide expansion joints, which should be 
suitably covered to prevent leakage. 

Oapadty. — ^The capacity should be sufficient to efficiently carry 
away the rain-water during a heavy rainstorm, and the maximum 
rate of rainfall is usually assumed as -12 inch per minute. 

The required size of gutter, to suit a given area of gathering surface, 
may be approximately determined by assuming the discharge as equal 
to one-half that for a circular pipe of the same diameter, or width, as 
the gutter. 

Assuming the gutter is laid with a fall, towards the outlets, of one- 
fourth of an inch in every 10 feet, then, according to Kiitter's formula, 
the discharge from half-round gutters will be as follows : — 



Diameter. 

6' 


Ares in 
sq. inohes. 

14 


Disohaige in 
ou. ft. per min. 

6-4. 


8' 


25 


14-3 


9' 


31 


20 


10' 


39 


27 


12' 


56 


45 


15' 


88 


83 


18' 


127 


136 



If the fall is greater than that adopted above, the discharge will 
be increased 40% for every i'' up to 1* in 10 feet. 

From the foregoing data, and allowing a factor of safety against 
overflowing of 25%, the minimum sizes of the gutters, together with 
the maximum centres of the downpipes, for either the eaves or valleys 
of pitched roofs will be as follows : — 
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Eavbs, QvTTmaB avd Pxm 


Dia. of 
Gutter 


Allowable 
area of roof 


Area of 
Gutter 


Span of Roof in feet 




30 


40 


60 
20 


60 


70 


80 


90 


100 


6 


480 sq. ft. 


14 sq. ins. 


32 


25 






8 


1070 „ 


25 „ 


70 


50 


40 


35 


30 


25 






9 


1500 „ 


31 „ 


100 


75 


60 


50 


40 


35 


30 




10 


2025 „ 


39 ,. 


135 


100 


80 


70 


60 


60 


45 


40 


Vatxbt Guttbbs and Pipb8 


10 


2025 sq. ft. 


30 sq. ins. 


65 


50 


40 












12 


3375 „ 


66 „ 


110 


85 


65 


65 


45 








15 


6225 „ 


88 ,. 




150 


120 


100 


85 


75 


65 


60 



I 

s 



6 



I 



Gutters having a different section from the above half-round, should 
have a similar area and approximate to the same shape. 

DOWNPIPBS. 

The thickness, shape, and general design are generally left to the 
manufacturer, from whose catalogue a suitable choice of stock design 
may be made. Pipes are usually supplied in lengths of 6'-0' and are 
provided with ears or lugs, if desired, for the purpose of attachment 
to the support. 

Capacity. — ^The formula before referred to gives the discharge for 
vertical pipes as follows : — 

Discharge in 
Diameter. ou. ft. per min. 

3 .. 42 

4 .. 95 
6 . . 297 

Owing to the nature of the outlets from gutter to pipe, and from 
pipe to gully, the discharge given above should be decreased by 50% 
and the allowable area of gathering surface may be as follows : — 



Diameter. 
3 
4 
6 



Roof area. 

2100 sq. ft. 

4760 

9600 



9> 



»> 
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From a comparison of the allowable area of gathering surface for 
gutters and pipes, the relative sizes of gutters and pipes may be as 
follows : — 

If cesspools are provided to gutter or enlarged heads to the pipes, 
then for — 

Gutters up to 9' diameter use 3' pipes. 
„ 10 „ 12 „ „ 4 „ 

„ 12',, 15* „ „ 6* „ 

If no cesspools or enlarged heads are provided, then for — 
Gutters up to 8' diameter use 3"^ pipes. 

ft' I n» A" 

„ 12'',, IS"' „ „ 6' „ 

PBACnCAIi BT7LBS. 

The specification of the American Bridge Company states that the 
sizes of gutters and downpipes, with gutters laid to a fall of 1 in 15, 
should be as follows : — 

span of Koof . Size of Gutter. Size of Downpipe. 

Up to 50 ft. . • 6' . . 4' at 40 ft, centres. 
50 „ 70 „ . . T , . 5" „ „ 

70 „ 100 „ .. 8' .. 6' „ „ 

The English practice as stated by several authors is as follows : 
Rain-water pipes should have a bore of at least one square inch to every 
60 square feet of roof surface. They should be placed at not more 
than 20 feet centres, and should have gutters not less in width than 
twice the diameter of the pipe. For countries subject to heavy down- 
falls the diameter of the pipes, and therefore the sizes of the gutters, 
should be increased by about 100 %. 

The American practice is to provide downpipes having 80 % of the 
capacity stated above for English practice. 

Practiee Recommended. — Comparing the results found by Eiitter's 
formula with the practical rules given, the sizes of the gutters found 
compare favourably with the practice recommended by the American 
Bridge Company, and also — ^in the author's opinion — ^agree with the 
practice of structural steel manufacturers in this country, and may 
therefore be adopted. 

With regard to the maximum positions of the downpipes as found 
by calculation, the practice is to provide greater area than that 
calculated, therefore it is perhaps advisable to increase the area of the 
downpipes by about 33%, or proportionately limit the distance between 
them. 

QENBBAL KOTES. 

To prevent overflowing, gutters and pipes should be kept clear of 
debris, and for this purpose wire guards are often used to protect the 
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discharge outlet from gutter to pipe. As a further precaution, it is 
good practice to keep the stop end of the gutter one to two inches 
below the level of the sides, to ensure any surplus water flowing off at 
the ends in preference to the sides. 

To protect the gutter from snow, timber snowboards should be 
provided, resting on the slates at each side and immediately above the 
gutter. When such are provided they form a pathway along the roof, 
which gives a further protection to the gutter. 

To facilitate the discharge from the gutter to the pipes, it is advis* 
able to provide well-rounded comers to the outlets, or alt^natively, 
and preferably, cesspools or enlarged pipe heads. Sharp bends to 
downpipes should be avoided, as they reduce the efficiency of the 
discharge and obstruct cleansing. 

It is a common practice, especially for small span north-light 
roofs as used over weaving sheds, etc., to dispense with separate 
valley girders, by utilizing the valley gutters to support the roof rafters. 
This practice is inefficient and uneconomical, and should be avoided. 
It is better practice to use a thinner gutter and provide a steel H beam, 
the cost of the latter being amply covered by the saving in the weight 
of, and also in the cost of manufacturing, the heavier gutter. 

Galvanized steel gutters are usually socket-jointed, the joint being 
made by means of a mixture of red or white leiad putty. C.I. gutters 
are either socket or flange-jointed. Socket joints may be arranged 
with the socket projecting outside (the moeb common arrangement 
for the smaller sizes) or inside the gutter, the latter method, owing to a 
more or less permanent accumulation of water of a depth equal to 
the thickness of the obstruction, being used only where the outside 
socket would be an objectionable projection. The joint is made with red 
or white lead putty, to which — ^f or the larger sizes — ^a layer of tow or 
other similar material is added. An alternative jointing material, 
which is undoubtedly the best for large gutters, is a mixture of sal- 
ammoniac and iron borings, the use of which makes a rough weld 
between the ends of the gutters. The proportions for the mixture are 
as follows : — 

Qoiok-setting Cement. 

li% sal-ammoniac. 
96% iron borings. 
2i% flour of sulphur. 

Slow-setting Cement. 

1 % sal ammoniac. 
98^% iron borings. 
i% flour of sulphur. 

Flange joints are used for large gutters, and are superior to sockets. 
They increase the cost of manufacture, and are not generally used 
except for better class work. The flanges should be provided with 
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facing strips, which may be either chipped level or machined, and the 
joint made with putty and tow or with the mixtmre prescribed above. 
All joints, whether of the socket or flange type, should be securely 
bolted together. 

Large valley gutters, and also large boundary wall gutters, are 
often provided with ribs spanning across the waterway ; that is, from 
side to side. They are intended to stiffen the sides, and as they 
obstruct the waterway, the efficient height must be taken as the dis- 
tance between the underside of the rib and the bottom of the gutter. 

Stop ends, outlets, returns, and other special parts of gutters may 
not be obtainable from stock, and will require to be specially manu- 
factured, therefore where maldng-up lengths are required these special 
lengths may be utilized for this purpose. 

Rainwater pipe heads, shoes, and bends may be obtained from 
stock. If specially ordered, then they may be used as making-up 
lengths, if desired. 

Rainwater pipes have socket joints, which are made watertight by 
means of red or white lead putty similar to that used for gutters. 

With regard to stock gutters, these may be obtained of different 
sizes to the same profile, and in at least two different thicknesses. 
Stock lists with prices are supplied by manufacturers, and, in addition, 
full size sections if specially applied for. 

Rainwater pipes may be provided with shoes for discharging over 
an open gully trap, or may be finished plain and connected to the 
gnlly. 

VZiniLATION. 

There are several arrangements for the ventilation of sheds and 
other similar buildings, but the fundamental principles may be 
narrowed down to two, i.e. natural and artificial. The natural system 
of ventilation is the one almost universally used for sheds, and the 
notes given hereafter will therefore be confined to this system. The 
object in view is that of removing — ^without setting up objectionable 
draughts — ^the vitiated air from the building and replacing it with 
fresh air. 

The velocity and direction of the wind is the motive power whereby, 
in conjunction with the difference in the temperature between the air 
in and out of the building, this change of air is brought about ; and as 
the wind acts generally in a horizontal direction, the best method of 
preserving its efficiency, whilst at the same time obtaining the best 
results, is to allow the wind to pass into and through the building 
without materially changing its direction. Openings should therefore 
be provided, transversely arranged at each side of the building, such 
openings being in such a position, as low down as possible — ^within, 
say, 3 to 5 feet of the ground-level — as to be unobstructed by adjacent 
structures. These openings should be small and frequent, so as to 
diff u^ the incoming air over the interior of the building* 
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The amoimt of internal space per person to be allowed for in sheds 
is about 1400 cubic feet, and the amount of fresh air to be supplied 
about 5000 cubic feet, per person, per hour. In calculating the required 
air space, the efficient height should be taken as 12 to 16 feet above 
ground-level. 

Fresh air is admitted at the lower levels, and diffused by means of 
special inlets, opening windows, and doors, and the total area of the 
inlets should equal, or slightly exceed, the total area of the outlets. 
The direction of the incoming air should be upwards, and the velocity, 
if excessive, should be decreased so as to prevent draughts. Tlus 
influx of air will create a pressure inside the building, which, together 
with the ascending properties of the vitiated air, will accelerate the 
movement through the outlets. This movement may be further 
accelerated by means of specially constructed extractors, particulars 
of which may be obtained from the illustrated catalogues supplied by 
the manufacturers of such appliances, but except for small sheds this 
latter method is rarely adopted. 

In arranging the relative areas of the inlets and outlets, it should 
be noted that, generally, the relative efficiency of the outlets will exceed 
that of the inlets, as the former are at a higher level, and consequently 
there is less obstruction from adjacent buildings. The outlet allowance 
per 100 square feet of floor space, as recommended in ^' Mill Building 
Construction " (H. 6. TyrreU), where louvre ventilators are used, is 
4 to 9 feet, according to the nature of the building, the higher value 
being used for louvres at a height of 20 feet, and the lower value for 
a height of 50 feet, above ground. 

The louvre ventilator is the one chiefly used for sheds, the profile 

of the louvre blades being /, ^ or \ /, the first two being laid 

horizontally and the latter vertically. The horizontal type can be 
obtaiQed from stock in lengths of about 6 feet. Louvre blades should be 
made of galvanized steel of a thickness of from Nos. 14 to 18 gauge, 
or from black steel sheets about Y thick. They should be laid with 
ample laps, and secured to supports, at about 3 feet centres, by means 
of clips and bolts, and lap-jointed over alternate supports, flashings 
should be provided between the roof and the top and bottom of the 
sides of the ventilator, although that at the top may be dispensed 
with if the roof of the ventilator is arranged to efficiently lap the top 
louvre blade. Louvre ventilators are not dustproof , and seldom proof 
against drifting snow, therefore if the nature of the use of the building 
is such that these disadvantages are not permissible, then the louvre 
blades must be arranged to open and close at will, or some other type 
adopted. 

Where economy is of sufficient importance to exclude the use of 
louvres, a type of ventilator in common use, which, whilst cheaply 
constructed, is fairly efficient, is the " open " ventilator, where the 
opening between the roof sheets at the apex is protected by means of 
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a curved sheet supported above, and from the roof, by means of suitable 
framework, the ends of the adjacent roof sheets being carried up- 
wards to a radius of 12"^ or more, so as to efficiently lap the over- 
hanging curved sheet. 

STBBL nOOBS. 

Doors hinged or sliding, constructed of steel angle framing with 
panels of corrugated sheeting, are used for openings up to 1 S'-O"^ x 1 5'-0', 
or even larger, but when these dimensions are exceeded, rolling shutters 
constructed of timber or steel laths may be used with advantage. 

The sections generally used for the construction of steel doors 
panelled with coirugated sheets, whether of the hinged type or of the 
sliding type (if suspended from the top), are as follows : — 

Height or width 

up to 8ft.,use2'' x2' xi*' or 2i'' x 2i' x i'' L upright and rails 

8ft. „ 10 „ „ 2i''x2i^xr „ r xr xi' L 
10 „ „ 12 „ „ r xr xi' „ r xr xa" l 

12 „ „ 15 „ „ 3" X3'^ xV „ 3' X3'^ xr L 

Where necessary, crossbars of angle or tee section should be pro- 
vided to limit the span of the sheets to 6'-0^ this crossbar to be of the 
same dimensions as the outer rail of the door. To prevent distortion 
of the rectangular frame, and in the case of hinged doors also to 
obviate the tendency to sag, flat ties should be provided extending 
diagonally from comer to comer of the door, the width and thickness 
of the ties being similar to the door upright. The direction of the bar 
is not an essential factor for sliding doors, but for hinged doors the top 
of the diagonal tie should commence from the top hinged comer. 

The methods of hanging hinged doors may be narrowed down to 
two, i.e. by means of strong butt hinges, or by bands and gudgeons, 
the former arrangement being suitable for the smaller sizes and the 
latter arrangement for the larger sizes of doors. Fittings for hanging 
doors should be made very substantial, otherwise they soon wear and 
allow the door to sag, which necessitates constant alterations. 

Sliding doors may be suspended from overhead runner bars, or be 
supported by runner bars at the bottom. Doors carried on bottom 
runners should be made of a heavier design than the suspended type 
of door. To reduce the effort required to start and keep the doors 
moving, frictionless rollers either of ordinary or patent pattern may 
be used with advantage— -especially for large doors — ^in preference to 
the common roller and hang^ where the pin works on a fixed centre. 
Patented designs for frictionless rollers are u sually of the ball-bearing 

type, the roller path being formed of steel I J section carried on 

special brackets. The rollers are connected to the hangers by means of 
a strong screw which allows the doors to be adjusted vertically. This 
type reduces frictional resistance to a minimum, and is very efficient, 

l2 
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but owing to the cost being much greater than for the common type 
of frictionless roller — ^which reduces frictional resistance quite suffi- 
ciently for ordinary purposes — is seldom used, and only for first-class 
work. The feature of the common frictionless type is the formation 
of a roller path for the pin, the width of the hanger at this point being 
increased accordingly. The pin should be driven tight into the roller, 
and the ratio of the length of the path to the travel of the door should 
correspond with the ratio of the diameter of the pin to that of the 
roller, allowance being made, in addition, for the diameter of the pin. 

The usual fittings for hinged doors are shootbolts, catches, hasps, 
staples, padlocks, and latches. Shootbolts are connected to the door 
by means of staples, and are provided to press the door against the 
door frame, or against catches arranged to prevent the door being 
swung too far, and also to secure and give rigidity to the door when 
dosed. They are usually provided at the top and bottom of single 
doors, and also at the top and bottom of each half or both halves of a 
double door. If one half of a double door only is provided with shoot- 
bolts, then this half should overlap the other half, or some other 
device adopted so that the latter may be secured to the frame. Where 
contact with the frame is of sufficient importance, clips are provided 
for this purpose, at a point or points on the hinged side intermediate 
with the hinges. 

To prevent doors being swung too far, if the door is not arranged 
so as to overlap the frame, then catches should be provided at the top 
and bottom of the door. The catch at the bottom of the door should 
be made so as to be flush with the floor when the door is open, and 
usually takes the form of a small bottomless box, the lid being made 
to open to an angle of 90^ only. This box may act as the receptacle 
wor the bottom shootbolt, providing the lid is perforated for this 
purpose. In large doors the bottom shootbolt is usually provided, at 
the top, with a specially-forged end, capable of engaging with an eye 
through which a padlock may be secured. 

The latch at the centre of the side of the door opposite to the 
hinges should be provided with a suitable knob, and also with a catch 
firmly secured to the frame. 

Sliding doors will require a track to run on, and also a guide to 
facilitate the opening. The track, whether at the top or bottom of 
the door, may be of angle, tee, channel, or joist section ; flat bars are 
— ^in addition — ^used for over-tracks. If the track is overhead, the 
section used should have sufficient rigidity to efficiently span the 
opening with a minimum amount of deflection, and, if the roller is to 
run on the edge of the track flange, the latter shoidd be planed to a 
square edge. 

If the roller is intended to run on the flange of the runner-bar, 
then a small square bar should be countersunk-riveted to the flange. 
The lip of the roller should have a lap, over the runner-bar, greater than 
the space between the runner-bar and the top of the door ; this 
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jnecaution will prevent the door being jolted off the runner-bar. The 
bottom guide should be continuous, and of such a length as to always 
contain the bottom of the door. It may be of double angle section, 
the angles being held apart at a suitable distance by means of packings. 
The guide should be laid flush with the ground-level and firmly fixed 
to a suitable threshold of timber, concrete, or other material. If the 
door track is at the bottom of the door, then the foregoing remarks 
for overhead tracks will hold good with one or two exceptions. The 
lap between the door and the guide may, in both types, be arranged 
either by small angle projections or by a continuous angle secured to 
the door. 

Handles for opening the doors, stops to prevent overrunning, 
hasps, staples, and padlocks for securing the doors are all the fittings 
required. 

With regard to the corrugated sheets which form the panels, these 
should be lilted at intervals of O'' to 12' along the uprights, rails, and 
crossbars, and to each other at the joints, as described in the section 
of this chapter dealing with corrugated sheets. 

WINDOWS AND SKYLIGHTS. 

The order of efficiency in the transmission of light for various 
classes of glass are : British polished plate, sheet glass, rough cast 
glass, and rough rolled glass, the relative efficiencies being approxi- 
mately 1, 1*5, 2, and 4. 

Sheet glass is divided into five qualities, i.e. A, B, best, seconds, 
and thirds ; seconds and thirds being used for sheds and similar 
buildings. It is usually specified by weight, 15 ozs., 21 ozs., 26 ozs., 
32 ozs., 36 ozs., and 42 ozs. per super, foot, and the respective thick- 
nesses are t"r^ A*'* Vy Vy i^ and V' For panes over IS^'x 12^ the 
thickness should not be less than i". 

Rough-rolled plate glass, having one side fluted, is suitable for sky- 
lights, is specified by thickness, and the strengths in common use are : 
i*", ^"y and ^"^ ; the respective weights per super, foot are approxi- 
mately 32 ozs., 48 ozs., and 64 ozs., and the maximum size should — ^to 
facilitate delivery — ^be not more than 10 ft. x 3 ft. Wired glass may 
be obtained ^' and ^^ thick, and may be used witii advantage on 
account of its great strength, and also the fact that, in case of 
breakage, the fragments are held together and prevented from falling 
into the building. 

The amount of glazing to be provided for varies considerably, 
according to the use of the building considered, but usually the limits 
are from 10% to 30% of the exterior surface of the building. The 
amount provided for the roof only may vary from 20% to 50% of the 
roof area, the higher figure being used for interior hB,yB of sheds having 
several ba3rs. 

Windows may be constructed of timber, steel, wrought iron, or 
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cast iron. If airaciged to slide they are usually termed *^ sashes," and 
if pivoted are termed ^* casements." 

Timber windows are usually constructed of red deal. For par- 
ticulars as to design, reference should be made to a book on Building 
Constniction, or the design may, with advantage, be left to the 
manufacturer. 

Cast-iron windows are very little used at the present time, and 
steel windows have largely superseded wrought iron windows. The 
manufacture of steel windows, and also the opening gear, is a speciality 
with many firms, therefore the design should be left to the manu- 
facturer, or a suitable t]^ adopted from the trade catalogues. In 
fixing glass in steel or iron windows, the glass should be well bedded 
in red lead putty after the metal has been carefully primed. 

If windows are used for sheeted walls, the sheets should be arranged 
so as to flash the joints between the windows and the framework at the 
sides and head, or the sides may be made watertight by means of a 
galvanized steel flashing. Generally the underside of the window is 
flashed by means of a galvanized steel siU, and if the windows are con- 
structed of timber the siU may be hollowed out on the underside to a 
depth of I' to I'', and the sheet inserted. 

Opening windows for use in tropical countries are often provided 
with mosquito guards constructed of galvanized iron or copper wire 
of fine mesh. The guards should be constructed in sections so that 
they may be easfly moved for cleaning purposes, and with the edges 
suitably stiffened. 

Ordinary skylights may be constructed of timber, or formed with 
small section tee bars spanning from purlin to purlin. For the design 
of timber-framed skylights, reference should be made to a suitable 
book on Building Construction. 

Ordinary tee bar glazing costs very little less than patent glazing, 
and has therefore, to a large extent, gone out of favour. The bars are 
usually spaced as for patent glazing, i.e. 2^-0}^ centres, and the section, 
which varies according to the span, should be as follows : — 

Up to e'-C'spansuse IJ'xli'x^Tee. 
6'-0' „ S'-O'' „ „ U'^xirxTTee. 
8'-0' „ lO'-O*' „ „ irxirxi'Tee. 

Holes, through which pegs may be driven, are provided through 
the web of the tee at the top and bottom, and also in the centre, of 
long bars in a suitable position to allow the peg to bind on the glass. 
If necessary, the web at the top and bottom should be cut away for 
holing and flashing purposes, and at the bottom the flange of the tee 
is usiuJIy turned upwards, so as to act as a stop for the glass. If the 
tee astragal extends over two spans, then to save flashing the bar may 
be joggled at the centre, and the change in the level of the flange 
made to suit the thickness of the glass. 

Patent puttyless glazing is usually constructed of steel bars either 
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galvanized or covered with lead. There are many systems on the 
market, full particulars of which are given in the trade catalogues. 
The chief features are as follows : — 

If the sashbar is of steel its cross section may be much less than 
that for a timber sashbar of equal strength, consequently the efficient 
area of skylight is greater. 

The bar is either galvanized or completely clothed with lead, as a 
protection against the deteriorating effect of the atmosphere. 

The glass is usually bedded on a cord of asbestos, and is held in 
place by means of the lead capping, or by a rigid zinc cap, in such a way 
as to allow the glass to expand or contract as the result of changes of 
temperature. The lead capping, and also the zinc cap, will prevent 
rattling due to vibration, but the zinc cap— which is secured to the 
steel bar by means of a stud tapped into the bar and screwed at the 
outer end, and provided with a nut — ^is the best arrangement in this 
respect. The use of the asbestos cord is tp provide a compressible 
bearing for the glass, which would otherwise, if of uneven thickness, 
be liable to break if subject to excessive vibration. 

All systems provide condensation channels, capable of carrying off 
moisture as the result of slight leakages or of condensation. 

Broken panes can be easily replaced by unskilled labour, as the 
glass is simply inserted between the wings of the lead cap or under- 
neath the zinc caps, as the case may be. 

The initial cost of patent glazing is more than ordinary timber* 
framed or steel tee-bar glazing, but the greater efficiency obtained, 
together with the saving in maintenance cost, justifies its use. 

The size of the steel bar is varied according to the span. The bars 
are secured to the purlins direct or by means of clips, and are also 
provided at the bottom with a brass stop. 



INDEX 



Air supply, 151 

American practioe for gattezs, 149 
Amount of glcolng area required, 156 
Anchor bolts — see " Foundlektion bolts " 
Angle of roof slope, 10, 24, 70, 143 

— slate laths, sizes, 143 
Area of ventilating inlets, 152 
outlets, 162 

— of glazing required, 165 
Asbestos cement slates and slabs, 142 
Asphalt for concrete roofs, 144 
Attaching sheets, method of, 139 

Bays, sheds with multiple, 22 
Beams, law of strength, 14 
Bending moment for purlins, 13, 96 

for rails, 12, 63, 64 

for multipliers for stancheons, 29, 63 

for principals, 29 

Blocks for concrete walls, 144 
Boarding, timber, 141 
Boards, snow, 160 
Bolts, foundation, 3, 20, 131 

— sheeting, 136, 139 

Bottom chord, compressive stress in, 6, 22 
Braced rafter, reason for. 111 
Bracing, roof, 16 

function of, 16, 18, 64, 106 

sections of, 17, 18, 64, 103, 106 

stresses in, 16, 18, 64 

— to gables, 18 

— to sides, 18, 64, 106 

Brick panels, sheds with, 23, 70, 141 
Brickwork, classes of bricks, 141 

— corbels, 142 

— cornice, 142 

— damp-proof course, 141 

— piers, 142 

— reinforcement, 141 

— sheds with walls of, 23, 70, 141 

— steel framework for, 141 

— thickness of walls, 141 

— unsupported area for, 141 

Calculations for end uprights, 14, 66, 97 

— for foundations, 20, 21, 22 

— for purlins, 13, 97 

— for rails, 12, 14, 63, 64 

— for reactions, 10, 24, 26, 26, 71, HI, 126 

— for stancheons, 6, 8, 9, 42, 63, 87, 92, 
104, 126 

*' Canadian '* type of corrugated sheets, 136 



Capacity of downpipes, 148 

— of gutters, 147 
Casements, 136 

Ceiling loads, reactions due to, 112, 127 
Cement, asbestos — see ** Asbestos oement'* 
Centre of gravity of members, 126 

— of pressure, earth, 6, 20 

— of resistance, 130 
Cesspools, 149 

Chora, compressive stresses in bottom, 6, 

22 
Qosed-in sheds, 24, 70 
Coefficients for wind forces, 3 
Component of wind force, 6, 112 
Concrete foundations, sizes of, 19, 20, 21, 

22, 66, 61, 66, 69, 110 

— walls, asphalt covering, 144 
blocks, 146 

reinforcement, 144 

thickness, 144 

Condensation due to sheets, 137 
Connections, eccentric, 12, 131 

— rivetted, 132 

Constants, force, 10, 24, 62, 70, 104 

Contraflexure, point of, 4, 9 

Corbels, brick, 142 

Cornices, brick, 142 

Corrugated sheets, amount of zinc, 136 

arrangement of bolts and rivets, 

136 

attachments, 136, 139 

"Canadian" type, 136 

condensation, 137 

dust-proof joint, 136 

gauges, 136 

^'Italian" type, 136 

laps, arrangement of, 136 

oxidization, 137 

painting, 137 

sizes of bolts and nuts, 136 

sto<dc sizes, 136 

supports, centres of, 136 

weights, 137 

widths, 136 

Cost of sections and joists, 128, 129 

— of glass, relative, 167 

— of slates, relative, 143 
Couple, resisting, 6 

Covering, weight of roof, 9, 24, 70, 112 
Coverings, external, 141 



Damp-proof oouzse, 141 
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Qlasinff, unoimt requirecU 155 

— oonaeiiBation, 157 

^- effect of temperature, 157 

— patent, 156 

— relative coetB, 157 

Graphical determination of reactiont, 126 
OulIeyB for downpipes, 151 
Gutters, American practice, 149 

— capacity, 147 

— design of outlets to facilitate discharge, 
148 

— discharge, 147 

— English practice, 149 

— expansion joints, 147 

— faU of, 147 

— for north-light roofs, 150 

— gauges for, 146 

— jointix^ material, 150 

— joints for, 150 

— praotioal rules, 149 

— prevention of overflowing of, 149 

— rainfall, 149 

— sections for, 146 

— sizes recommended, 148 

— snow boards for, 160 

— stock lengths, 146 
parts, 151 

— stop ends, 150 ' 
^- thickness of, 146 

— wire guards for outlets, 149 
Gyration, radius of, 7, 9 

— ratio to length, 12, 42, 113 

— relative to area, 127 

Hanoers, door, 153 
Heads for downpipes, 149 
Hinges, door, 153 
HocmU for door openings, 141 
Hookbolts, lengths of, 139 

Initial stresses, 114 

Inlets, area for ventilation, 152 

" Italian " type of corrugated sheets, 135 



Jointing material for gutters, 150 
Joints, asbestos cement slabs, 142 

— downpipe, 150 

— dust-proof, 136 

— for structural parts, 131 

— gutter, 150 

— roof felt, 144 

— sheeting— see " Corrugated sheets 
Joists, allowable depth, 131 

— comparative costs, 129 

— list of extra costs, 129 

— purlins — see " Purlins " 

— side rails— see '* Rails " 

— stanoheons — see " Stanoheons *' 
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Laps for steel sheets, 136, 138 
Lateral forces, distribution of, 4, 5, 22, 24, 
126 

— stiffness, 8, 131 
Laths, angle slate, 143 

Law of strength for beams, 14 
Length units — see " Unit stresses *' 
Lengths, stock, asbestos slabs, 142 

gutters, 146 

pipes, 148 

Leverage of side wind force, 10 

Limit of g, 12,42,113 

Limits for sections and joists, 128 
Load, effect on roof principals, 111 

— ceilmg, 112 

— distribution on principals, 112 

— polygon, 126 

— snow, 113 

Loads on foimdations, 19, 21 

— on gable rafters, 14, 16 

— on principals, 9, 10, 24, 25, 42, 62, 70, 
104, 112 

— on purlins, 13, 55, 92 

— on rails, 12, 53 

— on roofs, 10, 24, 70, 112 
Longitudinal ties, 5, 23, 112 
Louvres, ventilator, 152 

Materials for gutters and pipes, 146 

— for windows, 165 
Maximum centres of pipes, 147 
Members of principals acting as beams, 112 
Method for calculation of stresses, 10, 128 

— for hanging doors, 153 
Minimum sizes of downpipes, 148 
of gutters, 148 

— thickness of sections, 131 
Modulus of section relative to area, 127 
Moment — see " Bending moment ** 

— of side wind force, 10 
Mosc^uito guards for windows, 156 
Multiple iMiys, sheds with, 22 
Multipliers for unit stress^, 29, 48 



Katter's radius for discharge of pipes, 147, 
148 

Labour, expensive details, 130 
Laps for asbestos slabs, 143 



Natural slates— see ** Slates ** 

— ventilation — see '* Ventilation ** 
Nature of stresses, 12, 27, 28, 127 

how to determine^ 127 

North-light roofs, gutters for, 150 
Notation for forces, 126 

Notes regarding doors, 154 

gutters, 160 

Number of rivets required for connections, 
131-134 

Open sides, sheds with, 62, 104 

— slating, 144 

— ventilators, 152 
Opening windows, 156 
Outlets, area for ventilation, 152 

— downpipes, 148 

— gutters, 147 

— wire guards for, 149 
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Overflow of gattera, prevention, 149 
Oxidisation of steel aheetSt 137 

Painting of sheets, 137 

— of steelwork, 131 
PantUee, 144 
Patent glazing, 166 
Piers, brick, 142 

Pipes — see " Downpipes " 
Pitoh of rivets, 133 
Point of contraflexnre, 4, 9 
Polar diagram, 126 
Polygon, external forces, 126 

— funicular, 126 

Pressure of air, effect on ventilation, 161 
Pressure, resultant earth, 6, 19, 21 

— earth, 6, 19 

— on foundations — see ** Foundations '* 

— wind — see •' Wind pressure ** 
Prevention of draughts, 162 
Prices, stock, 129 

Principal stress in rafter, 12, 111 
Principals, allowable stresses, 8, 12, 42, 96 

— calculations for reactions, 11, 26, 26, 
62,71 

— effective span, 112 

— elementary form. 111 

— end fixity, 6, 12, 105 

— force constants for reactions, 10, 24, 
62, 70, 104 

~ forces on principals, 9, 10, 24, 70, 126 

— members actixig as beams, 112 

— ordinary types. 111 

— sheeted roois, closed sheds, 24 
open sheds, 62 

— slated roofs, open sheds, 104 
-— — —— closed sheds, 70 

— standard sections, 42, 63, 87, 106, 113 
~ total Btrc sB CB for, 12, 29, 72, 106, 113 

— unit stresses, 26, 72, 112 
Principles of ventilation, 161 
Purlins, allowable stresses for, 3 

— bending moments for, 13, 96 

— forces on, 13, 66, 96 

— spaoings, 13, 96 

— standard sections, 13, 66, 96» 109 

Qualities of glass, 166 

Radius of gyration, 7, 9 

limit relative to length, 12, 42, 113 

relative to area, 127 

Rafters, bradng to. 111 

— distribution of load on, 112 

~ flexural stress in, 12, 16, 42, 111 
— - gable, 16, 16 

— prindpcJ stress in, 12, 111 
Rails, bending moments, 12, 63, 64 

— cslculations and sections, 12, 14, 63, 64 

— forces, 6, 53 

~ side and end, 12, 14, 66, 67 

— spcusings, 12, 63 
RainfaU, 147 

Rainwater pipes— see " Downpipes " 



Reaction, amount for dead and wind loads, 
6 

— calculations, 11, 26, 26, 62, 71, 111, 
126 

— vertical position, 4 
Record of wind pressure, 2, 3 
Reinforcement for brick weJls, 141 

— for concrete walls, 144 
Resistance, centre of, 130 
Resisting couple, 6 

Resultant earth pressure, 6, 19, 20, 21 

Ridging, 137 

Rivets, arrangement of, 130-134 

— for corrugated sheets, 136, 139 

— in tension, 132 

Roof bracing, 16, 18, 64, 103 

— felt, 144 

— loads — see " Principals 

— north-li^t, 160 

— principfU8--see '* Principals 

— purlins — see '* Purlins ** 

— slates, 143 

— slope, 10, 24, 70, 143 

— tUes, 144 
Runner, door — see " Doors 



tf 



»t 



•» 



Sag rods, 12, 13, 15, 16, 18, 63, 97 
Sashes, 166 

Sections for end framing — see " End 
framing** 

— for gutters, 146 

— for principals, 42, 63, 87, 106, 113 

— for purlins, 13, 66, 96, 109 

— for rails, 12, 14, 63; 64 

— for stancheons — see ** Stancheons ** 

— choice of, 127 

— cost of, 128 

— extras for, 129 

— useful, 129 

Sheds, types and their use, 3, 4 

— closed, with sheeted roofs, 24 

— open, with sheeted roofe, 62 

— closed, with slated roo&, 70 

— open, with slated roofs, 104 

— with brick filling in walls, 23, 70 
crane gantry, 4 

multiple bays, 4 

Sheet bolts, 136, 139 
Sheet doors — see " Doors ** 
Sheets, asbestos cement — see ** Asbestos 
cement** 

— sted — see " Ck>rrugated sheets *' 
Shipment, freight charges, 131 
Shoes for downpipes, 161 

Side and end framing, allowable stresses 
in, 3 

— braces, 18, 64, 106 

— fiexure, 6 

— rails— see " Rails ** 

— stays, 64, 106 

— wind force, leverage of, 10 
Sills for windows, 141, 156 
Sizes of gutters, 148 
Skylights, 155 
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Abbott, A. V. The Electrical Transmission of Energy. 870, *$s 00 

A Treatise on FoeL (Science Series No. 9.) '. . z6nio, o 50 

Testing Machines. (Science Series No. 74.) i6ino, o 50 

Adam, P. Practical Bookbinding. Trans, by T. E. Maw i2mo, "'2 50 

Adams, H. Theory and Practice In Designing 8vO| *2 50 

Adams, H. C. Sewage of Sea Coast Towns Svo, *a 09 

Adams, J. W. Sewers and Drains for Populous Districts Svo, 2 50 

Addyman, F. T. Practical X-Ray Work Svo, "'4 00 

Adler, A. A. Theory of Engineering Drawing Svo, *2 00 

Principles of Parallel Projecting-line Drawing Svo, ♦! 00 

Aikman, C. M. Manures and the Principles of Manuring Svo, 2 50 

Aitken, W. Manual of the Telephone -Svo, *8 00 

d'Albe, £. E. F., Contemporary Chemistry z2mo, *z 25 

Alexander, J. H. Elementary Electrical Engineering 12 mo, 2 oa 

Allan, W. Strength of Beams Under Transverse Loads. (Science Series 

No. 19.) i6mo, o 50 

Theory of Arches. (Science Series No. 11.) i6mo, 

Allen, H. Modern Power Gas Producer Practice and Applications. 12 mo, *2 50 

— — Gas and Oil Engines Svo, *4 50 

Anderson, F. A. Boiler Feed Water Svo, *2 50 

Anderson, Capt. G. L. Handbook for the Use of Electricians Svo, 3 00 

Anderson, J. W. Prospector's Handbook i2mo, i 50 

And6s, L. Vegetable Fats and Oils Svo, *4 00 

Animal Fats and Oils. Trans, by C. Salter Svo, *4 00 

Drying Oils, Boiled Oil, and Solid and Liquid Driers Svo, *5 00 

Iron Corrosion, Anti-fouling and Anti-corrosive Paints. Trans, by 

C. Salter Svo, *4 00 

And6s, L. Oil CoFors, and Printers' Ink. Trans, by A. Morris and 

H. Robson Svo, *2 50 
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And^SyL. Treatment of Paper for Special Purposes. Trans, by C. Salter. 

i2mo, *2 50 

Andrews, E. S. Reinfofced Concrete Construction lamo, "'z 25 

Theory and Design of Structures 8vo, *3 50 

Further Problems in the Theory and Design of Structures 8vo, *2 50 

Andrews, £. S., and Heywood, H. B. The Calculus for Engineers. i2mo, ""i 25 

Annual Reports on the Progress of Chemistry. Twelve Volumes now 

ready. Vol. I., 1904, Vol. XII., 19 14 8vo, each, *2 00 

Argand, M. Imaginary Quantities. Translated from the French by 

A. S. Hardy. (Science Series No. 52.) i6mo, o 50 

Armstrong, R*, and Idell, F. E. Chimneys for Furnaces and Steam Boilers. 

(Science Series No. i.) z6mo, o 5> 

Arnold, E. Armature Windings of Direct-Current Dynamos. Trans, by 

F. B. DeGress 8vo, *2 00 

Aach, W., and Asch, D. The Silicates in Chemistry and Commerce. 8to, *6 00 

Ashe, S. W., and Keiley, J. D. Electric Railways. Theoretically and 

Practically Treated. VoL I. Rolling Stock i2mo, *2 50 

Ashe, S. W. Electric Railways. Vol. n. Engineering Preliminaries and 

Direct Current Sub-Stations i2mo, *2 50 

Electricity: Experimentally and Practically Applied i2mo, *2 00 

Ashley, R. H. Chemical Calculations lamo, *2 00 

AtUnd, W. Common Battery Telephony Simplified zamo, *z 25 

Atkinson, A. A. Electrical and Magnetic Calculations 8vo, *i 50 

Atkinson, J. J. Friction of Air in Mines. (Science Series No. 14.).. i6mo, 050 
Atkinson, J. J., and Williams, Jr., E. H. Gases Met with in Coal Mines. 

(Science beries No. Z3.) i6mo, o 55 

Atkinson, P. The Elements of Electric Lighting i2mo, z 00 

The Elements of Dynamic Electricity and Magnetism i2mo, 2 00 

Power Transmitted by Electricity z2mo, 2 00 

Auchincloss, W. S. Link and Valve Motions Simplified 8vo, *i 50 

Austin, £. Single Phase Electric Railways.. 4to, "^500 

Ayrton, H. The Electric Arc 8vo, *5 00 

Bacon, F. W. Treatise on the Richards Steam-Engine Indicator . . z2mo, z 00 

Bailee, G. M. Modem Mining Practice. Five Volumes 8vo, each, 3 50 

Bailey, R. D. The Brewers' Analyst Svo, *5 00 

Baker, A. L. Quaternions Svo, *z 25 

■ Thick-Lens Optics z2moi *z 50 

Baker, Benj. Pressure of Earthwork. (Science Series No. 56.)...z6ino, 

Baker, I. O. Levelling. (Science Series No. 91.) z6mo, o 50 

Baker, M. N. Potable Waler. (Science Series No. 61.) z6mo, o 50 

Sewerage and Sewage Purification. (Science Series No. z8.)..z6mo, 050 

Baker, T. T. Telegraphic Transmission of Photographs y z2mo, *z 25 

Bale, G. R. Modern Iron Foundry Practice. Two Volumes. i2mo. 

Vol. I. Foundry Equipment, Materials Used *2 50 

VoL n. Machine Moulding and Moulding Machines *i 50 

Ball, J. W. Concrete Structures in Railways Svo, *2 50 

Ball, R. S. Popular Guide to the Heavens Svo, *4 50 

Natural Sources of Power. (Westminster Series.) Svo, *2 00 

jiail, W. V. Law Affecting Engineers Svo, *3 50 
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"^ankBon, Lloyd. Slide Valve Diagrams. (Science Series No. zo8.) . i6mo, o 50 

Jarba, J. Use of Steel for Constroctive Purposes i2mo, x 00 

Barham, G. B. Development of the Incandescent Electric Lamp. . . . 8vo, *a 00 

Barker, A. F. Textiles and Their Manufacture. (Westminster Series.) Svo, 2 00 

Barker, A. F., and Midgley, £. Analysis of Textile Fabrics Svo, 3 00 

Barker, A. H. Graphic Methods of Engine Design i2mo, *i 50 

Heating and Ventilation 4to, *8 00 

Barnard, J. H. The Naval Militiaman's Guide i6mo, leather i 00 

Barnard, Major J. G. Rotary Motion. (Science Series No. 90.) .... i6mo, o 50 

Barms, G. H. Boiler Tests 8vo, ♦j 00 

Engine Tests 8vo, ^4 00 

The above two purchased together ^^6 00 

Barwise, S. The Purification of Sewage iimo, 3 50 

Baterden, J. R. Timber. (Westminster Series.) 8vo, "^a 00 

Bates, E. L., and Charlesworth, F. Practical Mathematics lamo. 

Part L Preliminary and Elementary Course *z 50 

Part n. Advanced Course *i 50 

Practical Mathematics lamo, *i 50 

Practical Geometry and Graphics lamo, *2 00 

Batey, J. The Science of Woiks Management lamo, *i 25 

Beadle, C. Chapters on Papermaking. Five Volumes zamo, each, *2 00 

Beaumont, R. Color in Woven Design 8vo, *6 00 

Finishing of Textile Fabrics 8vo, ^4 00 

Beaumont, W. W. The Steam-Engine Indicator 8vo, 2 50 

Bechhold, H. Colloids in Biology and Medicine. Trans, by J. G. 

Bullowa (In Press.) 

Beckwith, A. Pottery 8vo, paper, o 60 

Bedell, F«, and Pierce, C. A« Direct and Alternating Current Manual. 

8vo, •a 00 

Beech, F. Dyeing of Cotton Fabrics. 8vo, *3 00 

Dyeing of Woolen Fabrics 8vo, *3 50 

Begtrup, J. The Slide Valve 8vo, *2 00 

Beggs, G. E. Stresses in Railway Girders and Bridges {In Press.) 

Bender, C. E. Continuous Bridges. (Science Series No. 26.) i6mo, o 50 

Proportions of Pins used in Bridges. (Science Series No. 4.) 

i6mo, 50 

Bengough, G. D. Brass. (Metallurgy Series.) (In Press.) 

Bennett, H. G. The Manufacture of Leather 8vo, *4 50 

Bernthsen, A. A Text - book of Organic Chemistry. Trans, by G. 

M'Gowan i2mo, *2 50 

Berry, W. J. Differential Equations of the First Species. i2mo. (In Preparation.) 
Bersch, J. Manufacture of Mineral and Lake Pigments. Trans, by A. C. 

Wright 8vo, *$ co 

Bertin, L. E. Marine Boilers. Trans, by L. S. Robertson 8vo, 5 00 

Beveridge, J. Papermaker*s Pocket Book z2mo, *4 00 

Binnie, Sir A. Rainfall Reservoirs and Water Supply 8vo, *3 00 

Binns, C. F. Manual of Practical Potting Svo, *7 50 

The Potter's Craft i2mo, *a 00 

Birchmore, W. H. Interpretation of Gas Analysis lamo, *z 25 

Blaine, R. G. The Calculus and Its Applications zamo, *z 5o 
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Blake, W. H. Brewers' Vade Mecum 8vo, *4 oo 

Blasdale, W. C. Quantitative Chemical Analysis. (Van Nostrand's 

Textbooks.) i2mo, *2 50 

Bligh, W. G. The Practicai Design of Irrigation Works 8vo, *6 00 

Bloch, L. Science of Bliunination. Trans, by W. C. Clinton 8^0, *2 50 

Blok, A. Illumination and Artificial Lighting z2mo, i 25 

Bliicher, H. Modem Industrial Chemistry. Trans, by J. P. Millington. 

8vo, *7 50 

BljTth, A. W. Foods: Their Composition and Analysis 8vo, 7 50 

Poisons: Their Effects and Detection 8vo, 7 50 

BiSckmann, F. Celluloid i2mo, *2 50 

Bodmer, G. R. Hydraulic Motors and Turbines z2mo, 5 00 

Boileau, J. T. Traverse Tables 8vo, 5 00 

Bonney, G. £. The Electro-platers' Handbook iimo, z 20 

Booth, N. Guide to the Ring-spinning Frame z2mo, *z 25 

Booth, W. H. Water Softening and Treatment 8vo, *2 50 

Superheaters and SuperheatiniE and Their Control 8vo, *i 50 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 

Working. Trans, by A. Tolhausen 4to, *io 00 

Bottler, M. Modem Bleaching Agents. Trans, by C. Salter .... i2mo, *2 50 

Bottone, S. R. Magnetos for Automobilists i2mo, *i 00 

Boulton, S. B. Preservation of Timber. (Science Series No. 82.) . i6mo, o 50 

Bourcart, £. Insecticides, Fungicides and Weedkillers 8vo, *4 50 

Bourgougnon, A. Physical Problems. (Science Series No. ii3.).i6mo, o 50 
Bourry, £. Treatise on Ceramic Industries. Trans, by A. B. Searle. 

8vo, *5 00 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining 8vo, 5 00 

Bowles, O. Tables of Common Rocks. (Science Series No. i25.).i6mo, o 50 

Bowser, E. A. Elementary Treatise on Analytic Geometry i2mo, i 75 

Elementary Treatise on the Differential and Integral Calculus . i2mo, 2 25 

Elementary Treatise on Analytic Mechanics i2mo, 3 00 

Elementary Treatise on Hydro-medianics i2mo, 2 50 

A Treatise on Roofs and Bridges i2mo, *2 25 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, *4.oo 

Bragg, E. M. Marine Engine Design i2mo, *2 00 

Design of Marine Engines and Auxiliaries (In Press.) 

Brainard, F. R. The Sextant. (Science Series No. zoz.) .1 z6mo, 

Brassey's Naval Annual for 1915 8vo, 

Brew, W. Three-Phase Transmission 8vo, *2 00 

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series No. 

67.) i6mo, o 50 

Bright, C. The Life Story of Sir Charles Tilson Bright Svo, *4 50 

Brislee, T. J. Introduction to the Study of Fuel. (Outlines of Indus- 
trial Chemistry.) Svo, *3 00 

Broadfoot, S. K. Motors, Secondary Batteries. (Installation Manuals 

Series.) i2mo, *o 75 

Brottghton, H. H. Electric Cranes and Hoists *9 00 

Brown, G. Healthy Foundations. (Science Series No. 80.) z6mo, 50 

Brown, H. Irrigation Svo, *5 00 

Brown, Wm. N. The Art of Enamelling on Metal i2mo, *i 00 
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Brown, Wm. N. Dipping, Burnishing, Lacquering and Bronxing 

Brass Ware lamo, *i oo 

Handbook on Japanning and Enamelling xamo, *i 50 

House Decorating and Painting zamo, *i 50 

History of Decorative Art i2mo, *i 2 \ 

Workshop Wrinkles 8vo, •! oj 

Browne, C. L. Fitting and Erecting of Engines 8vo, *! 50 

Browne, R. E. Water Meters. (Science Series No. 81.) i6mo, o 50 

Bruce, E. M. Pure Food Tests i2mo, *i 25 

Bmhns, Dr. New Manual of Logarithms 8vo, cloth, 2 00 

half morocco, 2 50 
Bnmner, R. Manufacture of Lubricants, Shoe Polishes and Leather 

Dressings. Trans, by C. Salter 8vo, *3 00 

Buel, R. H. Safety Valves. (Science Series No. 21.) i6mo, o 50 

Burley, G. W. Lathes, Their Construction and Operation x2mo, i 25 

Burstall, F. W. Energy Diagram for Gas. "^tfa Text 8vo, i 50 

Diagram. Sold separately *! 00 

Burt, W. A. Key to the Solar Compass z6mo, leather, 2 50 

Buskett, E. W. Fire Assaying lamo, *z 25 

Butler, H. J. Motor Bodies and Chassis 8vo, *2 50 

Byers, H. G., and Kjiight, H. G. Notes on Qualitative Analysis 8vo, *z 50 

Cain, W. Brief Course In the Calculus z2mo, *z 75 

Elastic Arches. (Science Series No. 48.) i6mo, o 50 

•—— Maximum Stresses. (Science Series No. 38.) z6mo, o 50 

•*» Practical Designing Retaining of Walls. (Science Series No. 3.) 

z6mo, o 50 
——Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series No. 42.) z6mo, o 50 

— — Theory of Voussoir Arches. (Science Series No. Z2.) z6mo, o 50 

^— Sjrmbolic Algebra. (Science Series No. 73.) z6mo, o 50 

Carpenter, F. D. Geographical Survejring. (Science Series No. 37.).z6mo, 

Carpenter, R. C, and Diederichs, H. Internal Combustion Engines. . 8vo, *5 00 
Carter, E. T. Motive Power and Gearing for Electrical Machinery. 8vo, 3 50 

Carter, H. A. Ramie (Rhea), China Grass z2mo, *2 00 

Carter, H. R. Modem Flax, Hemp, and Jute Spinning 8vo, *3 00 

Bleaching, Dyeing and Finishing of Fabrics 8vo, *i 00 

Cary, E. R. Solution of Railroad Problems with the Slide Rule. . z6mo, *z 00 

Cathcart, W. L. Machine Design. Part I. Fastenings 8vo, ^3 00 

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic Statics . . .8vo, *3 00 

Short Course in Graphics z2mo, z 50 

Caven,R.M., and Lander, G.D. Systematic Inorganic Chemistry. i2mo, *2 00 

Chalkley, A. P. Diesel Engines 8vo, *3 00 

Chambers* Mathematical Tables 8vo, z 75 

Chambers, G. F. Astronomy z6mo, *z 50 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science Series 

No. Z26) z6mo, o 50 

How to Use Water Power z2mo, •z 00 

— Gyrostatic Balancing 8vo, *z 03 
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Child, C. D. Electric Arc Svo, 

Child, C. T. The How and Why of Electricity X2mo, 

Christian, M. Disinfection and Disinfectants. Trans, by Chas. 
Salter i2mo, 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8vo, 

Chimney Design and Theory 8vo, 

Furnace Draft (Science Series No. 123.) z6mo, 

Water: Its Purification and Use in the Industries 8vo, 

Church's Laboratory Guide. Rewritten by Edward Kinch Svo, 

Clapperton, G. Practical Papermaking Svo, 2 50 

Clark, A. G. Motor Car Engineering. 

VoL I. Construction *3 00 

Vol. n. Design {In Press,) 

Clark, C. H. Marine Gas Engines i2mo, 

Clark, J. M. New System of Laying Out Railway Turnouts i2mo, 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers' Materials Svo, 

Vol. n. Sanitary Plumbing and Fittings (In Press.) 

Vol. m. Practical Lead Working on Roofs (/n Press,) 

Clausen-Thue, W. ABC Telegraphic Code. Fourth Edition . . . Z2mo, 

Fifth Edition Svo, 

"-^ - The A I Telegraphic Code Svo, 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. (Science Series 

No. 62.) z6mo, o 50 

Clevenger, S. R. Treatise on the Method of Government Surveying. 

i6mo, morocco, 

Clouth, F. Rubber, Gutta-Percha, and Balata Svo, 

Cochran, J. Concrete and Reinforced Concrete Specifications Svo, 

Inspection of Concrete Construction Svo, 

Treatise on Cement Specifications Svo, 

Ci^Sn, J. H. C. Navigation and Nautical Astronomy i2mo, 

Colbum, Z., and Thurston, R. H. Steam Boiler Explosions. (Science 

Series No. 2.) i6mo, 

Cole, R. S. Treatise on Photographic Optics i2mo, 

Coles-Finch, W. Water, Its Origin and Use Svo, 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers. 

x6mo, 
Collis, A. G. High and Low Tension Switch-Gear Design 8vo, 

Switchgear. (Installation Manuals Series.) xamo, 

Comstock, D. F., and Toland, L. T. Modem Theory of the Constitution 

of Matter (In Press.) 

Constantino, E. Marine Engineers, Their Qualifications and Duties. Svo, 

Coombs, H. A Gear Teeth. (Science Series No. 120.) z6mo, 

Cooper, W. R. Primary Batteries Svo, 

Copperthwaite, W. C. Tunnel Shields 4to, 

Corey, H. T. Water Supply Engineering Svo {In Press.) 

Corfleld, W. H. Dwelling Houses. (Science Series No. 50.) z6mo, 

Water and Water-Supply. (Science Series No. 17.) x6mo, 

Cornwall, H. B. Man^ of Blow-pipe Analysis Svo, 
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Courtney, C. F. Masonry Dams Svo, 

Cowell, W. B. Pure Air, Ozone, and Water lamo, 

Craig, J. W., and Woodward, W. P. Questions and Answers About 

Electrical Apparatus zamo, leather, 

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) . i6mo, 

Wave and Vortex Motion. (Science Series No. 43.) i6mo. 

Cramp, W. Continuous Current Machine Design Sto, 

Creedy, F. Single Phase Commutator Motors 8vo, 

Crocker, F. B. Electric Lighting. Two Volumes. 8vo. 

Vol. I. The Generating Plant 3o> 

Vol. n. distributing Systems and Lamps 

Crocker, F. B., and Arendt, M. Electric Motors 8vo, 

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma- 
chinery i2mo. 

Cross, C. F., Bevan, £. J., and Sindall, R. W. Wood Pulp and Its Applica- 
tions. (Westminster Series.) Bvo, 

Crosskey, L. R. Elementary Perspective 8vo, 

Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, 

Culley, J. L. Theory of Arches. (Science Series No. 87.) i6mo, o 50 

Dadourian, H. M. Analytical Mechanics i2mo, *$ 00 

Dana, R. T. Handbook of Construction plant x2mo, leather, 

Danby, A. Natural Rock Asphalts and Bitumens 8vo, 

Davenport, C. The Book. (Westminster Series.) 8vo, 

Davey, N. The Gas Turbine 8vo, 

Davies, F. H. Electric Power and Traction 8vo, 

Foundations and Machinery Fixing. (Installation Manual Series.) 

6mo, 

Dawson, P. Electric Traction on Railways 8vo, 

Deerr, N. Sugar Cane 8vo, 

Deite, C. Manual of Soapmaking. Trans, by S. T. ^jng 4to, 

DelaCoux,H. The Industrial Uses of Water. Trans, by A. Morris. 8vo, 

Del Mar, W. A. Electric Power Conductors 8vo, 

Denny, G. A. Deep-level Mines of the Rand 4to, 

Diamond Drilling for Gold *5 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.) x6mo, o 50 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Maintenance-of-Way Engineering (In Preparation.) 

Desaint, A. Three Hundred Shades and How to Mix Thera 8vo, "^8 00 

De Varona, A. Sewer Gases. (Science Series No. 55.) i6mo, o 50 

Devey, R. G. Mill and Factory Wiring. (Installation Manuals Series.) 

i2mo, *x 00 
Dibdin, W. J. Purification of Sewage and Water 8vo, 6 50 

Dichmann, Cari. Basic Open-Hearth Steel Process z2mo, *3 50 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins 8vo, *3 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery . . . i2mo, *2 00 
Dixon, D. B. Machinist's and Steam Engineer's Practical Calculator. 

i6mo, morocco, i 25 
Doble, W. A. Power Plant Construction on the Pacific Coast {In Pre^a.) 
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Dodge, G. F. Diagrams for Designing Reinforced Concrete Structures, 

folio, 
Dommett, W. £. Motor Car Mechanism ismo, 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, morocco, 

Down, P. B. Handy Copper Wire Table i6mo, 

Draper, C. H. Elementaiy Text-book of Light, Heat and Sound . . i2mo, 
Heat and the Principles of Thermo-dynamics zamo, 

Dron, R. W. Mining Formulas lamo, 

Dubbel, H. High Power Gas Engines Svo, 

Duckwall, £. W. Canning and Preserving of Food Products Svo, 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

Svo, 

Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

Svo, 

Dunstan, A. E., and Thole, F. 6. T. Textbook of Practical Chemistry. 

i2mo, 
Duthie, A. L. Decorative Glass Processes. (Westminster Series.) . Svo, 

Dwight, H. B. Transmission Line Formulas Svo, 

Dyson, S. S. Practical Testing of Raw Materials Svo, 

Dyson, S. S., and Clarkson, S. S. Chemical Works Svo, 

Ecdes, R. G., and Duckwall, £. W. Food Preservatives Svo, paper, o 50 

Eccles, W. H. Wireless Telegraphy and Telephony (In Press.) 

Eck, J. Light, Radiation and lUumination. Trans, by Paul Hogner, 

Svo, 

Eddy, H. T. Maximum Stresses under Concentrated Loads Svo, 

Edelman, P. Inventions and Patents i2mo. (In Press.) 

Edgcumbe, K. Industrial Electrical Measuring Instruments Svo, 

Edler, R. Switches and Switchgear. Trans, by Ph. Laubach. . .8vo, 

Eissler, M. The Metallurgy of Gold Svo, 

The Metallurgy of Silver Svo, 

The Metallurgy of Argentiferous Lead Svo, 

A Handbook on Modem Explosives Svo, 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio. 

Electric Light Carbons, Manufacture of Svo, 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis i2mo, 

Ellis, C. Hydrogenation of Oils Svo, 

Ellis, G. Modem Technical Drawing Svo, 

Ennis, Wm. D. Linseed Oil and Other Seed Oils Svo, 

Applied Thermodynamics . . .- Svo, 

Flying Machines To-day i2mo, 

Vapors for Heat Engines i2mo, 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner 

Ermen, W. F. A. Materials Used in Sizing Svo, 

Erwin, M. The Universe and the Atom (In Press.) 

Evans, C. A. Macadamized Roads (In Press.) 
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Ewing, A. J. Magnetic Induction in Iron 8vo, *4 00 

Fairie, J. Notes on Lead Ores i2mo, *! 00 

Notes on Pottery Clays , i2mo, 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. (Science 

Series No. 58.) 16310, 

Fair«7eather, W. C. Foreign and Colonial Patent Laws 8vo, 

Falky M. S. Cement Mortars and Concretes 8vo, 

Fanning, J. T. Hydraulic and Water-supply Engineering 8vo, 

Fay, I. W. The Coal-tar Colors 8vo, 

Fembach, R. L. Glue and Gelatine 8vo, 

Chemical Aspects of Silk Manufacture iimo, 

Fischer, E. The Preparation of Organic Compoucis. Trans, by R. V. 

Stanford , iimo, 

Fish, J. C. L. Lettering of Working Drawings Oblong 8vo, 

Mathematics of the Paper Location of a Railroad, .paper, i2mo, 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing .... 8vo, *3 50 
Fleischmann, W. The Book of the Dairy. Trans, by C. M. Aikman. 

8vo, 4 00 
Fleming, J. A. The Alternate-current Transformer. Two Volumes. 8vo. 

Vol. I. The Induction of Electric Currents *5 o:> 

Vol. n. The Utilization of Induced Currents *5 00 

Fleming, J. A. Propagation of Electric Currents 8vo, *3 00 

A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes 8vo, each, *5 00 

Fleury, P. Preparation and Uses of White Zinc Paints 8vo, 

Flynn, P. J. Flow of Water. (Science Series No. 84.) i2mo, 

«— Hydraulic Tables. (Science Series No. 66.) i6mo, 

Forgie, J. Shield Tunneling Svo. {In Press.) 

Foster, H. A, Electrical Engineers' Pocket-book. {Serenlh Edition.) 

i2mo, leather, 

Engineering Valuation of Public Utilities and Factories 8vo, 

Handbook of Electrical Cost Data 8vo (In Press.) 

Foster, Gen. J. G. Submarine Blasting in Boston (Mass.) Harbor 4to, 

Fowle, F. F. Overhead Transmission Line Crossings i2mo, 

The Solution of Alternating Current Problems 8vo {In Press.) 

Fox, W. G. Transition Curves. (Science Series No. no.) i6mo, o 50 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing i2mo, 

Foye, J. C. Chemical Problems. (Science Series No. 69.) i6mo, 

' Handbook of Mineralogy. (Science Series No. 86.) i6mo, 

Francis, J. B. Lowell Hydraulic Experiments 4to, 

Franzen, H. Exercises in Gas Analysis x2mo, 

French, J. W. Machine Tools, 2 vols 4to, 

Freudemacher, P. W. Electrical Mining Installations. (Installation 

Manuals Series.) i2mo. 

Frith, J. Alternating Current Design Svo, 

Fritsch, J. Manufacture of Chemical Manures. Trans, by D. Grant. 
^ 8vo, *4 00 
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Frye, A. I. Civil Engineers* Pocket-book iimo, leather, *5 oo 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4to, *io oa 

Fumell, J. Paints, Colors, Oils, and Varnishes ; 8vo. *i oo 

Gairdner, J. W. I. Earthwork 8vo (/n Press.) 

Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, *4 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires i2mo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear (/« Press.) 

Gaudard, J. Foundations. (Science Series No. 34.) i6mo, 050 

Gear, H. B., and Williams, P. F. Electric Central Station Distribution 

Systems 8vo, *3 00 

Geerligs, H. C. P. Cane Sugar and Its Manufacture 8vo, *5 00 

Geikie, J. Structural and Field Geology 8vo, *4 00 

Mountains. Their Growth, Origin and Decay 8vo, *4 00 

The Antiquity of Man in Europe 8vo, *3 00 

Georgi, F., and Schubert, A. Sheet Metal Working. Trans, by C. 

Salter 8vo, 300 

Gerber, N. Analysis of Milk, Condensed Milk, and Infants' Milk- Food. 8vo, i 25 
Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses i2mo, *2 00 

Gas Lighting (Science Scries No. iii.) x6mo, o 50 

Household Wastes. (Science Series No. 97.) x6mo, o 50 

House Drainage. (Science Series No. 63.) x6mo, o So 

Gerhard, W. P* Sanitary Drainage of Buildings. (Science Series No. 93.) 

i6mo, o 50 

Gerhardi, C. W. H. Electricity Meters 8vo, *4 00 

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C. 

Salter 8vo, *5 00 

Gibbs, W. E. Lighting by Acetylene i2mo, *i 50 

Gibson, A. H. Hydraulics and Its Application 8vo, *5 00 

Water Hammer in Hydraulic Pipe Lines i2mo, *2 00 

Gibson, A. H., and Ritchie^ £. G. Circular Arc Bow Girder 4 to, "^3 50 

Gilbreth, F. B. Motion Study i2mo, *2 00 

Bricklaying System 8vo, *3 00 

Field System lamo, leather, *3 00 

Primer of Scientific Management i2mo, *i 00 

Gillette, E. P. Handbook of Cost Data lamo, leather, ^5 00 

Rock Excavation Methods and Cost lamo, *3 00 

and Dana, R. T. Cost Keeping and Management Engineering. 8vo, '"3 50 

and Hill, C. S. Concrete Construction, Methods and Cost 8vo, *5 00 

Gillmore, Gen. Q. A. Limes, Hydraulic Cements acd Mortars 8vo, 4 00 

Roads, Streets, and Pavements i2mo, 2 00 

Godfrey, E. Tables for Structural Engineers i6mo, leather, *2 50 

Golding, H. A. The Theta-Phi Diagram i2mo, *i 25 

Goldschmidt, R. Alternating Current Commutator Motor Svo, *3 00 

Goodchild, W. Precious Stones. (Westminster Series.) Svo, *2 00 
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Goodeve, T. M. Tertbook on the Steam-engine lamo, 

Gord, G. Electrolytic Separation of Metals Svo, 

Gould, £. S. Arithmetic of the Steam-engine i2mo, 

Calculas. (Science Series No. xxa.) x6mo, 

High Hasonry Dams. (Science Series No. aa.) x6mo, 

Practical Hydrostatics and Hydrostatic Formulas. (Science Series 

No. X 17.) i6mo, 

Gratacap, L. P. A Popular Guide to Minerals 8vo, 

Gray, J. Electrical Influence Hachines i2mo, 

Marine Boiler Design lamo, 

Greenhill, G. Dynamics of Mechanical Flight 8vo, 

Greenwood, £. Classified Guide to Technical and Commercial Books. 8vo, 

Gregorius, R. Mineral Waxes. Trans, by C. Salter xamo, 

Griffiths, A. B. A Treatise on Manures x2mo, 

Dental Metallurgy Svo, 

Gross, E. Hops Svo, 

Grossman, J. Ammonia and Its Compounds x2mo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

(Westminster Series) Svo, 

Grover, F. Modem Gas and Oil Engines Svo, 

Gruner, A. Power-loom Weaving Svo, 

Giildner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

4to, 
Ounther, C. 0. Integration 

Gurden, R. L. Traverse Tables folio, half morocco, 

Guy, A. E. Experiments on the Flexure of Beams Svo, 

Haenig, A. Emery and Emery Industry Svo, 

Hainbach, R. Pottery Decoration. Trans, by C. Salter x2mo, 

Hale, W. J. Calculations of General Chemistry xamo. 

Hall, C. H. Chemistry of Paints and Paint Vehicles x2mo. 

Hall, G. L. Elementary Theory of Alternate Current Working Svo, 

Hall, R. H. Governors and Governing Mechanism xamo. 

Hall, W. S. Elements of the Differential and Integral Calculus Svo, 

Descriptive Geometry Svo volume and a 4to atlas, 

Haller, G. F., and Cunningham, E. T. The Tesla Coil x2mo, 

Halsey, F. A. Slide Valve Gears x2mo, 

The Use of the Slide Rule. (Science Series No. 114.) i6mo, 

Worm and Spiral Gearing. (Science Series No. xx6.) x6mo, 

Hamilton, W. G. Useful Information for Railway Men x6mo. 

Hammer, W. J. Radium and Other Radio-active Substances Svo, 

Hancock, H. Textbook of Mechanics and Hydrostatics Svo, 

Hancock, W. C. Refractory Materials. (Metallurgy Series.) (In Press.) 

Hardy, E. Elementary Principles of Graphic Statics i2mo, 

Haring, H. Engineering Law. 

Vol. I. Law of Contract Svo, *4 00 

Harris, S. M. Practical Topographical Surveying (In Press.) 

Harrison, W. B. The Mechanics' Tool-book x2mo, x 50 

Hart, J. W. External Plumbing Work Svo, ♦a 00 

Hints to Plumbers on Joint Wiping Svo, *3 00 
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Principles of Hot Water Supply 8vo, *3 00 

Sanitary Plumbing and Drainage 8vo, *3 00 

Haskinsy C. H. The Galvanometer and Its Uses i6mo, i 50 

Hatt, J. A. H. The Colorist square i2mo, *! 50 

Hausbrand, £. Drying by Means of Air and Steam. Trans, by A. C. 

Wright iimo, *2 00 

Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright 8vo, *s 00 

Hausmann, E. Telegraph Engineering 8vo, *3 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans. 

by A. Morris and H. Robson 8vo, *3 00 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 

Hay, A. Alternating Currents 8vo, 

Electrical Distributing Networks and Distributing Lines 8vo, 

Continuous Current Engineering 8vo, 

Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8vo, 
Public Utilities, Their Fair Present Value and Return 8vo, 

Heather, H. J. S. Electrical Engineering 8vo, 

Heaviside, O. Electromagnetic Theory. Vols. I and H 8vo, each. 

Vol. m 8vo, 

Heck, R. C. H. The Steam Engine and Turbine 8vo, 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, 

Vol. U. Form, Construction, and Working 8vo, 

Notes on Elementary Kinematics 8vo, boards, 

Graphics of Machine Forces 8vo, boards, 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright 12 mo, 

Heidenreich, E. L. Engineers' Pocketbook of Reinforced Concrete, 

i6mo, leather, 
Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. Svo, 
Henrici, O. Skeleton Structures Svo, 

Bering, D. W. Essentials of Phjrsics for College Students Svo, 

Hering-Shaw, A. Domestic Sanitation and Plumbing. Two Vols. . . Svo, 

Hering-Shaw, A. Elementary Science Svo, 

Herrmann, G. The Graphical Statics of Mechanism. Trans, by A. P. 

Smith i2mo, 

Herzfeld, J. Testing of Yams and Textile Fabrics. Svo, 

Hildebrandt, A. Airships, Past and Present v 8v0y 

Hildenbrand, B. W. Cable-Making. (Science Series No. 3a.) i6mo, 

Hilditch, T. P. A Concise History of Chemistry lamo, 

Hill, C. S. Concrete Inspection i6mo, 

Hill, J. W. The Purification of Public Water Supplies. New Edition. 

(In Press,) 
Interpretation of Water Analysis (in Press.) 

Hill, M. J. M. The Theory of Proportion Svo, 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.)...i6mo, 

Statically-Indeterminate Stresses xamo, 

Hirshfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

z6mo, o 50 
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Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

Design of Static Transformers lamo, *2 00 

Electricity 8vo, *2 00 

Electric Trains 8vo, *2 50 

Hobart, H. M. Electric Propulsion of Ships Svo, *2 00 

Hobart, J. F. Hard Soldering, Soft Soldering and Brazing i2mo, *i 00 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements i2mo, o 50 

Hoff, J. N. Paint and Varnish Facts and Formulas lamo, *x 50 

Hole, W. The Distribution of Gas 8vo, ♦y 50 

Holley, A. L. Railway Practice folio, 6 00 

Holmes, A. B. The Electric Light Popularly Explained. ..x2mo, paper, o 50 

Hopkins, N. M. Experimental Electrochemistry Svo, 

Model Engines and Small Boats i2mo, i 25 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 

( Science Series No. 71.) i6mo, o 50 

Homer, J. Practical Ironfounding Svo, *2 00 

Gear Cutting, in Theory and Practice Svo, *3 00 

Houghton, C. E. The Elements of Mechanics of Materials i2mo, *2 oo 

Houllevigue, L. The Evolution of the Sciences Svo, *2 09 

Houstoun, R. A. Studies in Light Production i2mo, 2 00 

Hovenden, F. Practical Mathematics for Young Engineers i2mo, *x 00 

Howe, G. Mathematics for the Practical Man i2mo, "*"! 25 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

Svo, paper, ♦o 50 

Hubbard, E. The Utilization of Wood-waste Svo, ^2 50 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

(Outlines of Industrial Chemistry.) Svo, ^5 00 

Hudson, 0. F. Iron and Steel. (Outlines of Industrial Chemistry.). Svo, *2 00 

Humphrey, J. C. W. Metallography of Strain. (Metallurgy Series.) 

{Ill Press.) 

Humphreys, A. C. The Business Features of Engineering Practice.. Svo, '"i 25 

Hunter, A. Bridge Work Svo. (In J'rcss.) 

Hurst, G. H. Handbook of the Theory of Color Svo, *2 50 

Dictionary of Chemicals and Raw Products Svo, *3 00 

Lubricating Oils, Fats and Greases Svo, *4 00 

Soaps Svo, *5 00 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils Svo, *2 50 

Hurst, H. E., and Lattey, R. T.- Text-book of Physics Svo, *3 00 

Also published in three parts. 

Part I. Dynamics and Heat .* *i 25 

Part II. Sound and Light *i 25 

Part III. Magnetism and Electricity *i 50' 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

iimo, *3 00 
Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining. i2mo, 

(In Press.) 
Hutchinson, W. B. Patents and How to Make Money Out of Them. 

i2mo, X 35 

Hutton, W. S. Steam-boiler Construction Svo, 6 co 

The Works' Manager's Handbook Svo, 6 00 



D VAN NOSTRAND CO/S SHORT TITLE CATALOG 15 

Hyde, £. W. Skew Arches. (Science Series No. 15.) i6mo, 50 

Hyde, F. S. Solvents, Oils, Gums, Waxes Svo, -'*'2 00 

Induction Coils. (Science Series No. 53.) i6mo, 050 

Ingham, A. £. Gearing. A practical treatise Svo, *2 50 

Ingle, H. Manual of Agricultural Chemistry Svo, *3 00 

Inness, C. H. Problems in llachtne Design i2mo, *2 00 

Air Compressors and Blowing Engines iimo, *2 00 

Centrifugal Pumps iimo, *2 03 

The Fan . ; i2mo, *2 oo 

Isherwood, B. F. Engineering Precedents for Steam Machtneiy . . . Svo, 2 50 

Ivatts, E. B. Railway Management at Stations Svo, *2 50 

Jacob, A., and Gould, £. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6) x6mo, 050 

Jannettaz, E. Guide to the Determination of Rocks. Trans, by G. W. 
Plympton i2mo, 

Jehl, F. Manufacture of Carbons Svo, 

Jennings, A. S. Comm ercial Paints and Painting. (Westminster Series. ) 

Svo, 

Jennison, F. H. The Manufacture of Lake Pigments Svo, 

Jepson, G. Cams and the Principles of their Construction Svo, 

Mechanical Drawing Svo (In Preparation.) 

Jervis-Smith, F. J. Dynamometers Svo, 

Jockin, W. Arithmetic of the Gold and Silversmith i2mo, 

Johnson^ J. M- Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) i2mo, 

Johnson, T. M. Ship Wiring and Fitting. (Installation Mantuds Series.) 

i2mo, 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology i2mo, 

Joly, J. Radioactivity and Geology i2mo, 

Jones, H. C. Electrical Nature of Matter and Radioactivity i2mo, 

Evolution of Solutions (In Press.) 

New Era in Chemistry i2mo, 

Jones, J. H. Tinplate Industry Svo, 

Jones, M. W. Testing Raw Materials Used in Paint i2mo, 

Jordan, L. C. Practical Railway Spiral i2mo, leather, 

Joynson, F. H. Designing and Construction of Machine Gearing . . Svo, 
Jiiptner, H. F. V. Siderology: The Science of Iron Svo, 

Kansas City Bridge 4to, 

Kapp, G. Alternate Current Machinery. (Science Series No. 96.).i6mo, 

£eim, A. W. Prevention of Dampness in Buildings Svo, 

Keller, S. S. Mathematics for Engineering Students. 1 2mo, half leather. 

Algebra and Trigonometry, with a Chapter on Vectors *i 75 

Plane and Solid Geometry *! . 25 

and Knox, W. E. Analytical Geometry and Calculus ♦a 00 

Kelsey, W. R. Continuous-current Dynamos and Motors Svo, *2 50 
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Kemble, W. T., and Underbill, C. R. The Periodic Law and the Hydrogen 

Spectnim 8vo, (Miper, *o 50 

Kemp, J. F. Handbook of Rocks 8vo, *i 50 

Kendall, £. Twelve Figure Cipher Code 4to, *X2 50 

Kennedy, A« B. W., and Thurston, R. H. Kinematics of Machineiy. 

(Science Series No. 54.) i6mo, o 50 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. £. Compressed Air. 

(Science Series No. xo6.) i6mo, o 50 

Kennedy, R. Modem Engines and Power Generators. Six Volumes. 4to, 15 00 

Single Volumes each, 3 00 

Electrical Installations. Five Volumes 4to, 15 00 

Single Volumes each, 3 50 

Flying Machines; Practice and Design iimo, *2 00 

Principles of Aeroplane Construction 8vo, *i 50 

Kennelly, A. £. Electro-dynamic Machinery 8vo, i 50 

Kent, W. Strength of Materials. (Science Series No. 41.) x6mo, o 50 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, *2 50 

Electrometallurgy. (Westminster Series.) 8vo, *2 00 

The Electric Furnace in Iron and Steel Production i2mo, *i 50 

Electro-Thermal Methods of Iron and Steel Production. .. .Svo, *3 00 

Ilindelan, J. Trackman's Helper iimo, *x 50 

Kinzbrunner, C. Alternate Current Windings Svo, *x 50 

Continuous Current Armatures 8vo, •! 50 

Testing of Alternating Current Machines Svo, *2 00 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical Testing .. 4to, 10 00 

Kirkbride, J. Engraving for Illustration Svo, *i 50 

Kirkham, J. E. Structural Engineering Svo, ^^5 00 

Kirkwood, J. P. Filtration of River Waters 4to, 7 50 

Kirschke, A. Gas and OQ Engines iimo, *i 25 

Klein, J. F. Design of a High-speed Steam-engine Svo, '^5 00 

Physical Significance of Entropy Svo, *i 50 

Kleinhans, F. B. Boiler Construction Svo, 3 00 

Knight, R.-AdnL A. M. Modem Seamanship Svo, *j 50 

Half morocco *9 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics Svo, 2 00 

Knox, J. Physico-chemical Calculations i2mo, *i 00 

Fixation of Atmospheric Nitrogen. (Chemical Monographs.) izmo, *o 75 

Koester, F. Steam-Electric Power Plants 4to, *5 00 

Hydroelectric Developments and Engineering 4to, *5 00 

Koller, T. The Utilization of Waste Products 8vo, *3 oo 

Cosmetics Svo, *2 50 

Kremann, R. Application of the Physico -Chemical Theory to Tech- 
nical Processes and Manufacturing Methods. Trans, by H. 

E. Potts Svo, *a 50 

Kretchmar, K. Yam and Warp Sizing Svo, *4 00 

Lallier, £. V. Elementary Manual of the Steam Engine i2mo, ^2 00 

Lambert, T. Lead and Its Compounds Svo, *3 50 

Bone Products and Manures Svo, *3 ro 
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Lambom, L. L. Cottonseed Products Svo, *3 00 

Modem Soaps, Candles, and Glycerin 8vo, *7 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by C.Salter. 8vo, *4 00 

Lancaster, M. Electric Cooking, Heating and Cleaning 8vo, '^i 50 

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodyniunics ^6 00 

Aerial Flight. Vol. n. Aerodonetics *6. 00 

Lange, E. R. By-Products of Coal-Gas Manufacture lamo, 2 00 

Lamer, £. T. Principles of Alternating Currents i2mo. *i 25 

La Rue, B. F. Swing Bridges. (Spience Series No. 107.) i6mo, o 50 

Lassar-Cohn. Dr. Modem Scientific Chemistry. Trans, by M. M. 

Pattison Muir i2mo, . *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Science Series No. 57.) i6mo, o 50 

Latta, M. N. Handbook of American Gas-Engineering Practice . . . 8vo, *4 50 

American Producer Gas Practice 4to, *6 00 

Laws, B. C. Stability and Equilibrium of Floating Bodies Svo, *3 50 

Lawson, W. R. British Railways. A . Financial and Commercial 

Survey Svo, 200 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. " Wrinkles »' in Practical Navigation*. 8vo, *8 00 

Le Doux, M. Ice-Making Machines. (Science Series No. 46.) . . i6mo, o 50 
Leeds, C. C. Mechanical Drawing for Trade Schools. (Machinery 

Trades Edition.) oblong 4to ^2 00 

Mechanical Drawing for High and Vocational Schools . .4to, '^i 50 

Lef^vre, L. Architectural Pottery. Trans, by H. K. Bird and W. M. 

Binns 4*0, *7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. Robson . Svo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture Svo, *i 50 

Letts, E. A. Fundamental Problems in Chemistry 8yo, *2 00 

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.)i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) . .Svo, *2 00 

Carbonization of Coal Svo, *3 00 

Lewis, L. P. Railway Signal Engineering Svo, *3 50 

Lieber, B. F. Lieber's Standard Telegraphic Code Svo, *io 00 

Code. German Edition Svo, *io 00 

Spanish Edition Svo, *io 00 

French Edition Svo, *io 00 

Terminal Index Svo, *2 50 

Lieber*s Appendix folio, *i5 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers* Code and Merchants and Shippers' 

Blank Tables Svo, *i5 00 

100,000,000 Combination Code Svo, *io 00 

Engineering Code Svo, •12 50 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 
man i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators Svo, *2 25 

Mechanical Design and Construction of Generators Svo, '^3 50 

Lobben, P. Machinists' and Draftsmen's Handbook Svo, 2 50 
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Lockwoodf T. D. Electricity, Magnetism, and Electro-telegraph 8vo, a 50 

Lockwood, T. D. Electrical Measurement and the Galvanometer. 

x2mo, o 75 

Lodge, O. J. Elementary Mechanics i2mo, i 50 

Signalling Across Space without Wires 8vo, *2 00 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps % 50 

Lomax, J. W. Cotton Spinning lamo, i 50 

Lord, R. T. Decorative and Fancy Fabrics. . . '. 8vo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph .... i6mo o 50 

Handbook. (Science Series No. 39.) . : x6m, o 50O 

Lovell, D. H. Practical Switchwork i2mo, *i 00 

Low, D. A. Applied Mechanics (Elementary) i6mo, o 80 

Lubschez, B. J. Perspective i2mo, *i 50 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: Design, Efficiency, and Power Costs. 2 vols. 

{In Preparation.) 
Luckiesh, M. Color and Its Application 8vo. (/;i Press.) 

Lunge, G. Coal-tar and Ammonia. Two Volumes 8vo, *i5 00 

Technical Gas Analysis Svo, ^4 00 

Manufacture of Sulphuric Acid and Alkali. Four Volumes 8vo, 

Vol. I. Sulphuric Acid. In three parts *z8 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts *i5 . 00 

Vol. in. Ammonia Soda ^lo 00 

Vol. IV. Electrolytic Methods {In Press.) 

Technical Chemists' Handbook i2mo, leather, '^3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. Keane 

in collaboration with the corps of specialists. 

Vol. I. In two parts 8vo, *i5 00 

VoL n. In two parts 8vo, *i8 00 

Vol. III. In two parts Svo, *i8 00 

The set (3 vols.) complete *48 00 

Luquer, L. M. Minerals in Rock Sections 8vo, *i 50 

Macaulay, J., and Hall, C. Modem Railway Working, 8 vols 4to, 20 00 

Each volume separately 3 00 

Macewen, H. A. Food Inspection 8vo, 

Mackenzie, N. F. Notes on Irrigation Works 8vo, 

Mackie, J. How to Make a Woolen Mill Pay 8vo, 

Mackrow, C. Naval Architect's and Shipbuilder's Pocket-book. 

i6mo, leather, 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing .... 8vo, 
Malcolm, C. W. Textbook on Graphic Statics Svo, 

Malcolm, H. W. Submarine Telegraph Cable (In Press.) 

Mallet, A. Compound Engines. Trans, by R. R. BueL (Science Series 

No. 10.) i6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64.) . . . i6mo, o 50 
Marks, E. C. R. Construction of Cranes and Lifting Machinery .i2mo, *i 50 
Construction and Working of Pumps i2mo, *i 50 
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Manufacture of Iron and Steel Tubes iimo, 

Mechanical Engineering Materials i2mo, 

Marks, G. C. Hydraulic Power Engineering 8vo, 

Inventions, Patents and Designs i2mo, 

Marlowy T. G. Drying Machinery and Practice Svo, 

Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, 

Reinforced Concrete Compression Member Diagram. Motmted on 

Cloth Boards *i 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction i6mo, morocco, 

Marshall, W. J., and Sankey, H. R. Gas Engines. (Westminster Series.) 

8vo, 

Martin, G. Triumphs and Wonders of Modem Chemistry Svo, 

Modern Chemistry and Its Wonders {In Press.) 

Martin, N. Properties and Design of Reinforced Concrete i2mo, 

Martin, W. 1), Hints to Engineers lamo, 

Massie, W. W., and Underbill, C. R. Wireless Telegraphy and Telephony. 

i2mo, 
Matheson, D. Australian Saw-Miller's Log and Timber Ready Reckoner. 

i2mo, leather, 

Mathot, R. E. Internal Combustion Engines 8vo, 

Maurice, W. Electric Blasting Apparatus and Explosives Svo, 

■ Shot Firer*s Guide Svo, 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.). 

i6mc, 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering 4to, 

Mayer, A. M. Lecture Notes on Physics Svo, 

Mayer, C, and Slippy, J. C. Telephone Line Construction Svo, 

McCullough, £. Practical Surveying i2mo, 

Engineering Work in Cities and Towns Svo, *3 00 

Reinforced Concrete ismo, *i 50 

McCullough, R. S. Mechanical Theory of Heat Svo, 3 50 

McGibbon, W. C. Indicator Diagrams for Marine Engineers Svo, ^3 00 

Marine Engineers' Drawing Book oblong 4to, *2 00 

Mcintosh, J. G. Technology of Sugar Svo, *4 50 

Industrial Alcohol Svo, *3 00 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

Svo. 

Vol. I. Oil Crushing, Refining and Boiling *3 50 

Vol. II. Varnish Materials and Oil Varnish Making *4 00 

Vol. in. Spirit Varnishes and Materials *4 50 

McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers *i 50 

McMaster, J. B. Bridge and Timnel Centres. (Science Series No. 20.) 

i6mo, o 50 

McMechen, F. L. Tests for Ores, Minerals and Metals i2mo, *i 00 

Mcpherson, J. A. Water-works Distribution Svo, 2 50 

Meade, R. K. Design and Equipment of Small Chemical Laboratories, 

Svo, 
Melick, C. W. Dairy Laboratory Guide i2mo, *i 25 
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Mensch, L. J. Reinforced Concrete Pocket Book i6mo, leather, ^4 00 

M^rck, £. Chemical Reagents; Their Purity and Tests. Trans, by 

H. E. Schenck 8vo, x 00 

Herivale, J. H. Notes and Formulae for Mining Students i2mo, z 50 

Merritt, Wm. H. Field Testing for Gold and Silver i6mo, leather, i 50 

Meyer, J. 6. A., and Pecker, C. G. Mechanical Drawing and Machine 

Design 4to, 5 00 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. 

Robson 8vo, *2 50 

Miessner, B. F. Radio Dynamics {In Press.) 

Miller, G. A. Determinants. (Science Series No 105.) i6mo, 

Milroy, M. £• W. Home Lace-making i2mo, *i 00 

Mitchell, C. A. Mineral and Aerated Waters 8vo, *3 00 

Mitchell, C. A., and Prideauz, R. M. Fibres Used in Textile and Allied 

Industries 8vo, *3 00 

Mitchell, C. F., and G. A. Building Construction and Drawing. ' lamo. 

Elementary Course *i 50 

Advanced Course "^2 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 8vo, *2 00 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms 64mo, leather, *i 00 

Montgomery, J. H. Electric Wiring Specifi^itions i6mo, *i 00 

Moore, E. C. S« New Tables for the Complete Solution of Ganguillet and 

Kutter's Formula 8vo, *5 00 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

8vo, *i 50 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs iimo, *i 50 

Moses, A. J. The Characters of Crystals 8vo, *2 00 

and Parsons, C. L. Elements of Mineralogy Svo, *2 50 

Moss, S.A. Elements of Gas Engine Design. (Science Series No. 121.) 1 6mo, o 50 

The Lay-out of Corliss Valve Gears. (Science Series No. 119.)! 6mo, o 50 

Mulford, A. C. Boundaries and Landmarks iimo, *i 00 

MuUin, J. P. Modem Moulding and Pattern-making 12 mo, 2 50 

Munby, A. E. Chemistry and Physics of Building Materials. (West- 
minster Series.) 8vo, *2 00 

Murphy, J. G. Practical Mining i6mo, i 00 

Murphy^ W. S. Textile Industries. Eight Volumes *2o 00 

Sold separately, each, *3 00 

Murray, J. A. Soils and Manures. (Westminster Series.) 8vo, *2 00 

Naquet, A. Legal Chemistry i2mo, 

Nasmith, J. The Student's Cotton Spinning 8vo, 

Recent Cotton Mill Construction i2mo, 

Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds. 

i2mo, 

Neilson, R. M. Aeroplane Patents 8vo, 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, *3 00 

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by 

J. G. Mcintosh 8vo, *io 00 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears 8vo, i 50 
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Newbegingy T. Handbook for Gas Engineers and Managers Svo, ^6 50 

Kewton, 0. J. Underground Distribution Systems {In Press.) 

Nicoly G. Ship Construction and Calculations 8vo, *4 50 

Nipher, F. E. Theory of Magnetic Measurements i2mo, i 00 

Nisbet, H. Grammar of Textile Design. 8vo, *3 00 

Nolan, H. The Telescope. (Science Series No. 51.) i6mo, o 50 

Noll, A. How to Wiie Buildings lamo, i 50 

North, H. B. Laboratory Experiments in General Chemistry lamo, *i 00 

Nugent, E. Treatise on Optics i2mo, i 50 

O'Connor, H. The Gas Engineer's Pocketbook i2mo, leather, 3 50 

Petrol Air Gas lamo, *o 75 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by 

William Francis. (Science Series No. 102.) i6mo, o 50 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, ^4 00 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U. S. 

Navy Electrical Series, No. i.) i2mo, paper, *o 50 

Ormsby, H. T. M. Surveying lamo, i 50 

Oudin, M. A. Standard Polyphase Apparatus and Systems 8vo, *3 00 

Owen, D. Recent Physical Research 8vo, *i 50 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene . .8vo, *i 75 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr. . 8vo, ^4 00 

Pamely, C. Colliery Manager's Handbook 8vo, *io 00 

Parker, P. A. M. The Control of Water 8vo, *5 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments Svo, *3 50 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes. . .8vo, *5 00 

Foods and Drugs. Two Volumes 8vo, 

Vol. I. Chemical and Microscopical Analysis of Foods and Drugs. *7 5o 

Vol. n. Sale of Food and Drugs Act *3 00 

and Coste, J. H. Chemistry of Pigments Svo, *4 50 

Parry, L. Notes on Alloys Svo, *3 00 

Metalliferous Wastes Svo, *2 00 

Analysis of Ashes and Alloys Svo, *2 00 

Parry, L. A. Risk and Dangers of Various Occupations Svo, *3 00 

Parsfaall, H. F., and Hobart, H. M. Armature Windings 4to, *7 50 

Electric Railway Engineering 4to, *io oo 

Parsons, J. L. Land Drainage Svo, '"i 50 

Parsons, S. J. Malleable Cast Iron Svo, *2 53 

Partington, J. R. Higher Mathematics for Chemical Students. .Z2mo, *2 00 
Textbook of Thermodynamics Svo, *4 00 

Passmore, A. C. Technical Terms Used in Architecture Svo, *3 50 

Patchell, W. H. Electric Power in Mines. . .• Svo, *4 00 

Paterson, G. W. L. Wiring Calculations i2mo, *2 00 

Electric Mine Signalling Installations lamo, *! 50 

Patterson, D. The Color Printing of Carpet Yams Svo, *3 50 

Color Matching on Textiles Svo, *3 00 

Textile Color Mixing Svo, *s 00 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. .Svo, *2 00 
Transmission of Heat through Cold-storage Insulation i2mo, *r 00 
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Payne, D. W. Iron Founders' Handbook {In Press.) ' 

Peckham, S. F. Solid Bitumens Syo, *s oo 

Peddie, R. A. Engineering and Metallurgical Books 12 mo, 

Peirce, B. System of Analytic Mechanics 4to, 

Pendred, V. The Railway Locomotive. (Westminster Series.) 8vo, 

Perkin, F. M. Practical Methods of Inorganic Chemistry i2mo, 

and Jaggers, E. M. Elementary Chemistry iimo, 

PerrigOy O. E. Change Gear Devices 8vo, 

Perrioe, F. A. C. Conductors for Electrical Distribution 8vo, 

Petit, G. White Lead and Zinc White Paints 8vo, 

Petit, R. How to Build an Aerophine. Trans, by T. O'B. Hubbard, and 

J. H. Ledeboer 8vo, 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) . . . i6mo, 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) . . . 16 mo, 

Phillips, J. Gold Assaying 8vo, 

Dangerous Goods 8vo, 

Phin, J. Seven Follies of Science i2mo, 

Pickworth, C. N. The Indicator Handbook. Two Volumes. . i2mo, each, 

Logarithms for Beginners i2mo. boards, 

The Slide Rule i2mo, 

Plattner's Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo, 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) i6mo, 

How to become an Engineer. (Science Series No. 100.) x6mo, 

Van Nostrand's Table Book. (Science Series No. 104.) 16 mo, 

Pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 29.) i6mo. 

Pocket Logarithms to Four Places. (Science Series No. 65.) 16 mo, 

leather, 
Polleyn, F. Dressings and Finishings for Textile Fabrics 8vo, 

Pope, F. 6. Organic Chemistry i2mo, 

Pope, F. L. Modern Practice of the Electric Telegraph 8vo, 

Popplewell, W. C. Prevention of Smoke Svo, 

Strength of Materials Svo, 

Porritt, B. D. The Chemistry of Rubber. (Chemical Monographs, 

No. 3.) i2mo, 

Porter, J. R. Helicopter Flying Machine i2mo, 

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of Indus- 
trial Chemistry) Svo, 

Practical Compounding of Oils, Tallow and Grease Svo, 

Pratt, K. Boiler Draught i2mo, 

High Speed Steam Engines Svo, 

Pray, T., Jr. Twenty Years with the Indicator Svo, 

Steam Tables and Engine Constant Svo, 

Prelini, C. Earth and Rock Excavation Svo, 

Graphical Determination of Earth Slopes Svo, 

'^— Tunneling. New Edition Svo, 

'~ Dredging. A Practical Treatise Svo, 

Prescott, A. B. Organic Analysis Svo, 

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analysis. . .Svo, 
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Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

i2mo, *i 50 

Pddeauz, E. B. R. Problems in Physical Chemistry 8vo, *2 00 

Primrose, G. S. C. Zinc. (Metallurgy Series.) {In Press.) 

Pullen, W. W. F. Application of Graphic Methods to the Design of 

Structures i2mo, *2 50 

Injectors: Theory, Construction and Working 12 mo, *i 50 

^Indicator Diagrams 8vo, *2 50 

Engine Testing 8vo, *4 50 

Pulsifer, W. H. Notes for a History of Lead 8vo, 4 00 

Putsch, A. Gas and Coal-dust Firing 8vo, *3 00 

Pynchon, T. R. Introduction to Chemical Physics 8vo, 3 00 

Rafter G. W Mechanics of Ventilation. (Science Series No. 33.) . i6mo, o 50 

Potable Water. (Science Series No. 103.) i6mo, o 50 

Treatment of Septic Sewage. (Science Series No. 118.) . . .i6mo, o 50 

Rafter, G. W., and Baker, M. N. Sewage Disposal in the United States. 

4to, *6 o'^ 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Randall, P. M. Quartz Operator's Handbook 12 mo, 2 00 

Randau, P. Enamels and Enamelling 8vo, *4 00 

Rankine, W. J. M. Applied Mechanics 8vo, 5 00 

^— — Civil Engineering 8vo, 6 50 

— — Machinery and MiUwork 8vo, 5 00 

*-'- The Steam-engine and Other Prime Movers .8vo, 5 00 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book 8vo, 3 50 

Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, *3 00 

Rasch, £. Electric Arc Phenomena. Trans, by E. Tornberg 8vo, ^^2 00 

Rathbone, R. L. B. Simple Jewellery 8vo, ^2 00 

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon 8vo *i 50 

Rausenberger, F. The Theory of the Recoil of Guns 8vo, *4 50 

Rautenstrauch, W. Notes on the Elements of Machine Design . 8 vo, boards, * i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part I. Machine Drafting 8vo, *i 25 

Part n. Empirical Design (In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo, *2 50 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades . 8 vo, *3 50 

Recipes for Flint Glass Making i zmo, *4 50 

Redfem, J. B., and Savin, J. Bells, Telephones (Installation Manuals 

Series.) i6mo, *o 50 

Redgrove, H. S. Experimental Mensuration lamo, *i 25 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo, o 50 

Reed, S. Turbines Applied to Marine Propulsion *5 00 

Reed's Engineers' Handbook 8vo, *5 00 

Key to the Nineteenth Edition of Reed's Engineers' Handbook . . 8vo, *s 00 

— Useful Hints to Sea-going Engineers i2mo, x 50 

— Guide to the Use of the Slide Valve i2mo, 'x 60 
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Reid, £. £. Introduction to Research in Organic Chemistry. (In Press.) 

Reidy H. A. Concrete and Reinforced Concrete Construction Svo, *$ 00 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, i 00 

The Technic of Mechanical Drafting oblong 4to, boards, *i 00 

Reiser, F. Hardening and Tempering of SteeL Trans, by A. Morris and 

H. Robson. . .- lamo, *2 50 

Reiser, V, Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8vo, 

Spinning and Weaving Calculations 8vo, 

Renwick, W. G. Marble and Marble Working 8vo, 

Reuleauz, F. The Constructor. Trans, by H. H. Suplee 4to, 

Reuterdahl, A. Theory and Design of Reinforced Concrete Arches. Svo, 
Reynolds, O., and Idell, F. E. Triple Expansion Engines. (Science 

Series No. 99.) i6mo, 

Rhead, G. F. Simple Structural Woodwork ximo, 

Rhodes, H. J. Art of Lithography Svo, 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions i2mo, o 50 

Richards, W. A. Forging of Iron and Steel (In Press.) 

Richards, W. A, and North, H. B. Manual of Cement Testing iimo, 

Richardson, J. The Modern Steam Engine Svo, 

Richardson, S. S. Magnetism and Electricity i2mo, 

Rideal, S. Glue and Glue Testing Svo, 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps Svo, 

Rings, F. Concrete in Theory and Practice i2mo, 

— ^ Reinforced Concrete Bridges 4to, 

Ripper, W. Course of Instruction in Machine Drawing folio, 

Roberts, F. C. Figure 4>f the Earth. (Science Series No. 79.) z6mo, 

Roberts, J., Jr. Laboratory Work in Electrical Engineering Svo, 

Robertson, L. S. Water-tube Boilers Svo, 

Robinson, J. B. Architectural Composition Svo, 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) i6mo, 

Railroad Economics. (Science Series No. 59.) x6mo, 

Wrought Iron Bridge Members. (Science Series No. 60.) i6mo, 

Robson, J. H. Machine Drawing and Sketching Svo, 

Roebling, J. A. Long and Short Span Railway Bridges folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry i2mo, 

Rogers, A. Industrial Chemistry Svo, 

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) . i6mo, 
Rohland, P. Colloidal and Crystalloidal State of Matter. Trans, by 

W. J. Britland and H. E. Potts i2mo, 

Rollins, W. Notes on X-Light Svo, 

Rollinson, C. Alphabets Oblong, x2mo. 

Rose, J. The Pattern-makers' Assistant Svo, 

Key to Engines and Engine-running i2mo. 

Rose, T. K. The Precious Metals. (Westminster Series.) Svo, 

Rosenhain, W. Glass Manufacture. (Westminster Series.) Svo, 

Physical Metallurgy, An Introduction to. (Metallurgy Series.) 

Svo, (In Press.) 
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RosSy W. A. Blowpipe in Chemistry and Metallurgy i2mo, *2 00 

Roth. Physical Chemistry 8vo, *2 00 

Rothery, G. C, and Edmonds, H. 0. The Modern Laundry, 2 vols., 

4t0y half leather, '*'i2 00 

Rouillion, L. The Economics of Manual Training 8vo, 2 00 

Rowan, F. J. Practical Physics of the Modem Steam-boiler 8vo, *z 00 

and Idell, F. E. Boiler Incrustation and Corrosion. (Science 

Series No. 27.) i6mo, o 50 

Roxburgh, W. General Foundry Practice. (Westminster Series.) .8vo, *2 00 

Ruhmer, £. Wireless Telephony. Trans, by J. Erskine-Murray . .8vo, *3 50 

Russellf A. Theory of Electric Cables and Networks 8vo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph i2mo, i 25 

Sanford, P. G. Nitro-ezplosives 8vo, *4 00 

Saunders, C. H. Handbook of Practical Mechanics i6mo, i 00 

leather, i 25 

Sayers, H. M. Brakes for Tram Cars 8vo, *i 25 

Scheele, C. W. Chemical Essays 8vo, *2 00 

Scheithauer, W. Shale Oils and Tars 8vo, *3 So 

Schellen, H. Magneto-electric and Djrnamo-electric Machines .... 8vo, g oo 

Scherer, R. Casein. Trans, by C. Salter 8vOy *3 00 

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vo, *5 00 

Schindler, K. Iron and Steel Construction Works i2mo, *i 25 

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, *i 75 

Schmall,.C. N., and Shack, S. M. Elements of Plane Geometry. . . i2mo, *i 25 

Schmeer, L. Flow of Water 8vo, ^3 oc 

Schumann, F. A Manual of Heating and Ventilation. .. .i2mo, leather, i 50 

Schwarz, E. H. L. Causal Geology 8vo, *2 50 

Schweizer, V. Distillation of Resins 8vo, *3 50 

Scott, W. W. Qualitative Analysis. A Laboratory Manual 8vo; '^'i 50 

Scribner, J. M. Engineers' and Mechanics' Companion. .i6mo, leather, i 50 
Scudder, H./ Electrical Conductivity and Ionization Constants of 

Organic Compounds 8vo, *$ 00 

Searle, A. B. Modern Brickmaking 8vo, *$ 00 

Cement, Concrete and Bricks 8vo, *3 00 

Searle, G. M. "Sumners' Method." Condensed and Improved. 

(Science Series No. 124.) i6mo, o 50 

Seaton, A. E. Manual of Marine Engineering 8vo 8 00 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi- 
neering i6mo, leather, 3 50 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Gutta Percha. Trans, by J. G. Mcintosh 8vo, ^5 00 

Seidell, A. Solubilities of Inorganic and Organic Substances 8vo, *2 00 

Seligman, R. Aluminum. (Metallurgy Series.) {In Press.) 

Sellew, W. H. Steel Rails 4to, *x2 50 

Railway Maintenance (In Press.) 

Senter, G. Outlines of Physical Chemistry i2mo, *i 75 

— Text-book of Inorganic Chemistry izmo, *i 75 
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Sever, O. F. Electric Engineering Experiments 8yo, boards, 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineering Svo, 

Sewall, C. H. Wireless Telegraphy 8yo, 

Lessons in Telegraphy xamo, 

Sewell, T. The Construction of Dynamos 8vo, 

Sezton, A. H. Fuel and Refractory Materials xamo, 

Chemistry of the Materials of Engineering lamo, 

Alloys (Non-Ferrous) Bvo, 

The Metallurgy of Iron and Steel Svo, 

Seymour, A. Modem Printing Inks Svo, 

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

z6mo, 

Shaw, S. History of the Staffordshire Potteries Svo, 

Chemistry of Compounds Used in Porcelain Manufacture Svo, 

Shaw, W. N. Forecasting Weather Svo, 

Sheldon, S^ and Hausmann, E. Direct Current Machines lamo, 

Alternating Current Machines xamo, 

Sheldon, S^ and Hausmann, E. Electric Traction and Transmission 

Engineering xamo, 

Shields, J. E. Notes on Engineering Construction xamo, 

Shreve, S. H. Strength of Bridges and Roofs Svo, 

Shunk, W. F. The Field Engineer xamo, morocco, 

Siipmons, W. H^ and Appleton, H. A. Handbook of Soap Manufacture, 

Svo, 
Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils Svo, *3 00 

Simpson, 6. The Naval Constructor xamo, morocco, *5 00 

Simpson, W. Foundations Svo. (In Press,) 

Sinclair, A. Development of the Locomotive Engine. . . Svo, half leather, 5 00 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp Svo, 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) Svo, 

Sloane, T. O'C. Elementary Electrical Calculations xamo, 

Smallwood, J. C. Mechanical Laboratory Methods. (Van Nostrand's 

Textbooks.) xamo, leather. 

Smith, C. A. M. Handbook of Testing, MATERIALS Svo, 

Smith, C. A. M., and Warren, A. G. New Steam Tables Svo, 

Smith, C. F. Practical Alternating Currents and Testing Svo, 

Practical Testing of Dynamos and Motors Svo, 

Smith, F. A. Railway. Curves xamo, 

Standard Tumounts on American Railroads xamo, 

Maintenance of Way Standards xamo. 

Smith, F. £. Handbook of General Instruction for Mechanics . . . lamo, 
Smith, H. G. Minerals and the Microscope xamo, 

Smith, J. C. Manufacture of Paint Svo, 

Smith, R. H. Principles of Machine Work lamo, 

Elements of Machine Work Z2mo, 

Smith, W. Chemistry of Hat Manufacturing xamo, 

Snell, A. T. Electric Motive Power Svo, 

Snow, W. G. Pocketbook of Steam Heating and Ventilation. (In Press.) 
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Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

No. 5.) i6mo, o 50 

Soddy, F. Radioactivity Svo, *3 00 

Solomon, M. Electric Lamps. (Westminster Series.) Svo, *2 00 

Somerscales, A. N. Mechanics for Marine Engineers i2mo, '^i 50 

Mechanical and Marine Engineering Science 8vo, *5 00 

Sothem, J. W. The Marine Steam Turbine 8vo, *^ 00 

Verbal Notes and Sketches for Marine Engineers Svo, *5 00 

Sothem, J. W., and Sothem, R. M. Elementary Mathematics for 

Marine Engineers i2mo, "*"! 00 

Simple Problems in Marine Engineering Design i2mo, '^'i 00 

Southcombe, J. E. Chemistry of the Oil Industries. (Outlines of In- 
dustrial Chemistry.) 8vo, *3 00 

Sozhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

H. Robson 8vo, *2 50 

Spang, H. W. A Practical Treatise on Lightning Protection lamo, i 00 

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. 23.) z6mo, 50 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying. (Science Series No. 72.) i6mo, o 50 

Spencer, A. S. Design of Steel-Framed Sheds 8vo, % 00 

Speyers, C. L. Text-book of Physical Chemistry 8vo, *2 25 

Spiegel, L. Chemical Constitution and Physiological Action. ( Trans. 

by C. Luedeking and A. C. Boylston.) i 25 

Sprague, E. H. Hydraulics i2mo, i 25 

Stahl, A. W. Transmission of Power. (Science Series No. 28.) . i6mo, 

Stahl, A. W., and Woods, A T. Elementary Mechanism i2mo, *2 00 

Staley, C, and Pierson, G. S. The Separate System of Sewerage. . .8vo, *3 00 

Standage, H. C. Leatherworkers' Manual 8vo, *3 50 

Sealing Waxes, Wafers, and Other Adhesives 8vo, *2 00 

Agglutinants of all Kinds for all Purposes i2mo, *3 50 

Stanley, H. Practical Applied Physics (/n Press.) 

Stansbie, J. H. Iron and Steel. (Westminster Series.) 8vo, *2 oo 

Steadman, F. M. Unit Photography i2mo, *^ 00 

Stecher, G. E. Cork. Its Origin and Industrial Uses z2mo, i 00 

SteinmaUj D. B. Suspension Bridges and Cantilevers. (Science Series 

No. 127.) o so 

Melan's Steel Arches and Suspension Bridges 8vo, *$ 00 

Stevens, H. P. Paper Mill Chemist i6mo, *2 50 

Stevens, J. S. Theory of Measurements i2mo, *i 25 

Stevenson, J. L. Blast-Fumace Calculations i2mo, leather, *2 00 

Stewart, G. Modem Steam Traps i2mo, *i 25 

Stiles, A. Tables for Field Engineers i2mo, i 00 

Stodola, A Steam Turbines. Trans, by L. C. Loewenstein 8vo, *s 00 

Stone, H. The Timbers of Commerce 8vo, 3 50 

Stopes, M. Ancient Plants 8vo, *2 00 

The Study of Plant Life 8vo, ^2 00 

Stumpf,'Prof. Una-Flow of Steam Engine 4to, *3 50 

Sudborough, J. J., and James, T. C. Practical Organic Chemistry. . i2mo, *2 00 

Suffling, E. R. Treatise on the Art of Glass Painting 8vo, *3 50 

Bur, F. J. S. Oil Prospecting and Extracting 8vo, *i 00 
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Swan, K. Patents, Designs and Trade Marks. (Westminster Series.). 

8vo, •a 00 
Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric Currents. 

(Science Series No. 109.) i6mo, o 50 

Swoope, C. W. Lessons in Practical Electricity i2mo, *2 oo 

Tailfer, L. Bleaching Linen and Cotton Tarn and FatHics .870, *5 oa 

Tate, J. S. Surcharged and Different Forms of Retaining- walls. (Science 

Serie 3 No. 7.) i6mo, o 50 

Taylor, F. N. Small Water Supplies lamo, 

— Masonry in Civil Engineering 8vo, 

Taylor, T. U. Surveyor's Handbook lamo, leather, 

Backbone of Perspective lamo, 

Taylor, W. P. Practical Cement Testing 8vo, *3 00 

Templeton, W. Practical Mechanic's Workshop Companion. 

x2mo, morocco, 2 00 
Tenney, E. H. Test Methods for Steam Power Plants. (Van 

Nostrand's Textbooks.) lamo, *2 50 

Terry, H. L. Lidia Rubber and its Manufacture. (Westminster Series. ) 

8vo, *2 00 
Thayer, H. R. Structural Design. 8vo. 

Vol. I. Elements of Structural Design *2 oa 

Vol. II. Design of Simple Structures *4 00 

Vol. in. Design of Advanced Structures (In Preparation.) 

Foundations and Masonry (/« Preparation.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, *3 50 

Thom, C, and Jones, W. H. Telegraphic Connections.. . .oblong, i2mo, 150 

Thomas, C. W. Paper-makers' Handbook {In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 

i6mo, 

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, 

Thomson, G. S. Milk and Cream Testing i2mo, 

Modem Sanitary Engineering, House Drainage, etc 8vo, 

Thomley, T. Cotton Combing Machines 8vo, 

Cotton Waste 8vo, 

Cotton Spinning. 8vo. 

First Year *i 50 

Second Year *2 50 

Third Year *2 50 

Thurso, J. W. Modem Turbine Practice 8vo, *4 oo 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 94. )i6mo, o 50 

Tillmans, J. Water Purification and Sewage Disposal. Trans, by 

Hugh S. Taylor 8vo, *a 00 

Tinney, W. H. Gold-mining Machinery 8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry 8vo, *2 00 

Toch, M. Chemistry and Technology of Mixed Paints Svo, *3 00 

Materials for Permanent Painting lamo, *2 00 

Chemistry and Technology of Mixed Paints (/« Press.) 

Tod, J., and McGibbon, W. C. Marine Engineers' Board of Trade 

Examinations Svo, '^z 50 
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Todd, J., and Whall, W. B. Practical Seamanship 8vo, *7 50 

Tonge, J. Coal. (Westminster Series.) Svo, *2 00 

Townsend, F. Alternating Current Engineering 8vo, boards, *o 75 

Townsend, J. Ionization of Gases by Collision 8vo, *z a5 

Transactions of the American Institute of Chemical Engineers, 8vo. 

Seven volumes now ready. Vol. I. to VII., 1908- 19 14 8vo, each, "^6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 30 

morocco, i 00 

Treiber, E. Foundry Machinery. Trans, by C. Salter lamo, z 25 

Trinks, W., and Housum, C. Shaft Governors. (Science Series No. 1 22.) 

z6mo, o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) . . i6mo, o 50 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse. 

8vo, text and folio atlas, zo 00 
Tumbull, Jr , J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine. (Science Series No. 8.) z6mo, 

Turrill, S. M. Elementary Course in Perspective z2mo, *z 25 

Twyford, H. B. Purchasing Svo, *3 00 

Tyrrell, H. G. Design and Construction of Mill Buildings Svo, "^4 00 

Concrete Bridgea and Culverts i6mo, leather, *3 00 

Artistic Bridge Design Svo, *s 00 

Underbill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings z2mo, *2 00 

Underwood, N., and Sullivan, T. V. Chemistry and Technology of . 

Printing Inks Svo, *3 00 

Urquhart, J. W. Electric Light Fitting z2mo, 2 00 

Electro-plating z2mo, 2 00 

Electrotjrping z2mo, 2 00 

Usbome, P. O. G. Design of Simple Steel Bridges 8vo, *4 00 

Vacher, F. Food Inspector's Handbook i2mo, *3 00 

Van Nostrand's Chemical AnnnaL Third issue 1913 leather, lamo, *2 50 

Year Book of Mechanical Engineering Data (In Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining z6mo, z 00 

Vega, Baron Von. Logarithmic Tables 8vo, cloth, 2 00 

half morroco, 2 50 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter . 8vo, *2 00 

VoUe, C. Haulage and Winding Appliances Svo, ^4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres. Trans. 

by C. Salter Svo, ^4 So 

Chemistry of Dyestuffs. Trans, by C. Salter Svo, *4 50 

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra (Science Series No. z6.) z6mo, o 50 

Vosmaer, A. Ozone {In Press.) 

Wabner, R. Ventilation in Mines. Trans, by C. Salter Svo, *4 50 

Wade, E. J. Secondary Batteries Svo, *4 00 
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Wadmore, T. M. Elementary Chemical Theory i2mo» *z 50 

Wadsworth, C. Primary Battery Ignition i2mo, *o 50 

Wagner, £. Preserving Fruits, Vegetables, and Meat i2mo, *a 50 

Waldram, P. J. Principles of Structural Mechanics lamo, *3 00 

Walker, F. Aerial Navigation 8vo, a 00 

I>ynamo Building. (Science Series No. 98.) i6mo» o Ko 

Walker, F. Electric Lighting for Marine Engineers Svo, 2 00 

Walker, J. Organic Chemistry for Students of Medicine 8vo, ^2 50 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard lamo, *2 00 

Electricity in Mining 8vo, *3 50 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *i 50 

Aerial or Wire Ropeways 8yo, •a 00 

Motor Vehicles for Business Purposes Svo, 3 50 

Refrigeration, Cold Storage and Ice-Making Svo, *4 50 

Sugar Machinery i2mo, *2 00 

Walsh, J. J. Chemistry and Physics of Mining and Mine Ventilation, 

i2mo, *2 00 

Wanklyn, J. A. Water Analysis xamo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus x2mo, *x 50 

Slide Valves i2mo, *2 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 31.) .z6mo, o 50 

Sewerage and Land Drainage *6 00 

Waring, Jr., O. E. Modem Methods of Sewage Disposal i2mo, 2 00 

How to Drain a House i2mo, i 25 

Wames, A. R. Coal Tar Distillation Svo, *2 50 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography. (Westminster Series.) Svo, *2 00 

Watson, E. P. Small Engines and Boilers i2mo, x 25 

Watt, A Electro-plating and Electro-refining of Metals Svo, *4 50 

Electro -metallurgy x2mo, x 00 

The Art of Soap Making Svo, 3 00 

Leather Manufacture Svo, *4 00 

Paper-Making Svo, 3 00 

Weather and Weather Instruments x2mo, i 00 

paper, o 50 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) Svo, *2 00 

Weisbach, J. A Manual of Theoretical Mechanics Svo, *6 00 

sheep, *7 50 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery Svo, "^3 75 

Welch, W. Correct Lettering (In Press.) 

Wells, M, B. Steel Bridge Designing Svo, *2 50 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes. .i2mo, *i 50 

Weymouth, F. M. Drum Armatures and Commutators Svo, *3^ 00 

Wheatley, 0. Ornamental Cement Work 8vo, *2 00 

Wheeler, J. B. Art of War i2mo, i 75 

Field Fortifications xamo, i 75 
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Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

8vo, 3 00 

White, A. T. Toothed Gearing lamo, "^i 25 

White, C. H. Methods of Metallurgical Analysis. (Van Nostrand's 

Textbooks.) lamo, a 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) i6mo, o 50 

Wilda, H. Steam Turbines. Trans, by C. Salter i2mo, i 25 

Cranes and Hoists. Trans, by C. Salter zamo, i 25 

Wilkinson, H. D. Submarine Cable Lasting and Repairing 8yo, *6 00 

Williamson, J. Survejang 8vo, *3 00 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Calculations. 

i2mo, *i 00 

Wilson, J. F. Essentials of Electrical Engineering {In Press.) 

Wimperis, H. E. Internal Combustion Engine Svo, '*'3 00 

Application of Power to Road Transport i2mo, *i 50 

Primer of Internal Combustion Engine lamo, *i 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy Svo, *3 50 

Winslow, A. Stadia Surveying. (Science Series No. 77.) i6mo, o 50 

Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 70.) 

x6mo, o 50 

Wisser, Lieut J. P. Modem Gun Cotton. (Science Series No. 89.) .i6mo, o 50 

Wolff, C. E. Modem Locomotive Practice Svo, ^4 20 

Wood, De V. Luminiferous Aether. (Science Series No. 85) . . . i6mo, o 50 

Wood, J. K. Chemistry of Dyeing. (Chemical Monographs No. a.) 

lamo, *o 75 

Worden, E. C. The Nitrocellulose Industry. Two Volumes Svo, "^lo 00 

Technology of Cellulose Esters. In xo volumes. Svo. 

Vol. VIII. Cellulose Acetate *5 00 

Wren, H. Organometallic Compounds of Zinc and Magnesium. (Chem- 
ical Monographs No. i.) i2mo, *o 75 

Wright, A. C. Analysis of Oils and Allied Substances Svo, ^^3 50 

Simple Method for Testing Painters' Materials Svo, *2 50 

Wright, F. W. Design of a Condensing Plant i2mo, '^i 50 

Wright, H. E. Handy Book for Brewers Svo, *5 00 

Wright, J. Testing, Fault Finding, etc., for Wiremen. (Installation 

Manuals Series.) i6mo, *o 50 

Wright, T. W. Elements of Mechanics Svo, *2 50 

Wright, T. W., and Hayford, J. F. Adjustment of Observations. ..Svo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers Svo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.)..i6mo, 

Zeidler, J., and LustgartenJ J. Electric Arc Lamps Svo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes Svo, *S 00 

Zimmer, G. F. Mechanical Handling of Material 4to, *io 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. Trans. 

by J. A. Davenport Svo, *a 00 
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their complete stock or at 
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Scientific Book 
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and varied number of Scientific and 
Engineering Books, D. Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
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All inquiries are cheerfully and care- 
fully answered and complete catalogs 
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